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DECLARATION OF PAUL POLAKIS, Ph D 
I, Paul Polakis, Ph.D., declare and say as follows: 

1. I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, inc. where my job title is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
bom me diagnosis and treatment of cancer in humans. 

3. As partof the Tumor Antigen Project, my laboratory has been analyzing 
differentialexpression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lowe^levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or Cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date, we 
have generated antibodies that bind to about 30 of the tumor antigen proteins ' 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of bur 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated m more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically Correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that mcreased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. ' 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful felse 
statements and the like so made are punishable by fine or imprisonment or both 
under Section 1001 of Title 18 of the United States Code and that such willful ' 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



I, J. Christopher Grimaldi, declare and say as follows: 



1. I am a Senior Research Associate in the Molecular Biology Department of 
Oenentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved, among other projects, in the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer In connection with the above-identified patent application, I personally performed or 
directed the qualitative PCR analyses in the assay entitled "Tumor Versus Normal Differential 
lissue Expression Distribution" which is described in EXAMPLE 18 in the specification that 
were used to identify differences in gene expression between tumor tissue and their normal 
counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. Chromosomal aberrations, such as gene amplification, and chromosomal 
translocations are important markers of specific types of cancer and lead to the aberrant 
expression of specific genes and their encoded polypeptides. Gene amplification is a process in 
which specific regions of a chromosome are duplicated, thus creating multiple copies of certain 
genes that normally exist as a single copy. In.addition, chromosomal translocations occur when 
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two different chromosomes break and are rejoined to each other chromosome resulting in a 
chimeric chromosome which displays a different expression pattern relative to the parent 
chromosomes. Amplification of certain genes such as Her2/Neu [Singleton et al., Pathol. Annu .. 
27Ptl: 165-190], or chromosomal translocations such as t(5;14), [Grimaldi et a/., Blood 
73,(8):2081-2085(1989); Meeker et al, Blood . 76(2):285-289(1990)] give cancer cells a growth 
or survival advantage relative to normal cells, and might also provide a mechanism of tumor cell 
resistance to chemotherapy or radiotherapy. If the chromosomal aberration results in the aberrant 
expression of a mRNA and the corresponding gene product (the polypeptide), as they do in the 
aforementioned cases, then the gene product is a promising target for cancer therapy, for 
example, by the therapeutic antibody approach. 

5. Those who work in this field are well aware that in the vast majority of cases, 
when a gene is over-expressed, as evidenced by an increased production of mRNA, the gene 
product or polypeptide will also be over-expressed. It is unlikely that one identifies increased 
mRNA expression without associated increased protein expression. Stated in another Way, two 
cell samples which have differing mRNA concentrations for a specific gene are expected to have 
correspondingly different concentration of protein for that gene. Techniques used to detect 
mRNA, such as Northern Blotting, Differential Display, in situ hybridization, quantitative PCR, 
Taqman, and more recendy Microarray technology all rely on the dogma that a change in mRNA 
will represent a similar change in protein. If this dogma did not hold true then these techniques 
would have little value and not be so widely used. The use of mRNA quantitation techniques 
have identified a seemingly endless number of genes which are differentially expressed in 
various tissues and these genes have subsequently been shown to have correspondingly similar 
changes in their protein levels. Thus, the detection of increased mRNA expression is expected to 
result in increased polypeptide expression. The detection of increased polypeptide expression 
can be used for cancer diagnosis and treatment. 

6. However, even in the rare case where the protein expression does not correlate with the 
mRNA expression, this still provides significant information useful for cancer diagnosis and 
treatment. For example, if over-expression of a gene product does not correlate with over- 
expression of mRNA in certain tumor types but does so in others, then identification of both gene 
expression and protein expression enables more accurate tumor classification and hence better 
determination of suitable therapy. In addition, absence of over-expression of the gene product in 
the presence of a particular over-expression of mRNA is crucial information for the practicing 
clinician. If a gene is over-expressed but the corresponding gene product is not significantly 
over-expressed, the clinician accordingly will decide not to treat a patient with agents that target 
that gene product. 

.7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information or belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. J 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 



By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes. We have stud- 
ied a case of B-fineage acute lymphocytic leukemia (ALL) 
that was associated with peripheral blood eosinophilia. The; 
chromosomal translocation t(6;14) (q31;q32) from this 
sample was cloned and studied at the molecular level. This 



translocation joined the immunoglobulin heavy chain join- 
ing (Jh) region to the promotor region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the Immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophilia. 
© 1989 by Grune & Stratton. Inc. 



KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hfnd\i\/EcoH\ and Sau3A restriction 
digests. The rearranged bands are less intense than the other 
bands because the majority of cells In the sample represent normal 
bone marrow elements. 



protooncogenes, such as omyc and bcl-2. u In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new' genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation. 3 * 4 This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. s Briefly, 
10 fig of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrophoresed on a 0.8% 
agarose gel. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported. 6 

Genomic library. The genomic library was made using pub- 
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lished methods. 5 Approximately 100 *g of high mol wt genomic 
DNA were partially digested with the Sau3A restriction enzyme. 
Fragments from 9 to 23 kiiobases (kb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3A (Strategene, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported. 5 

DNA sequencing. Fragments for sequencing were cloned into 
Ml 3 vectors and sequenced by the chain termination method using 
Sequcnase (United States Biochemical, Cleveland). 7 All sequence 
data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilia. Karyotypic 
analysis showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL. 3 ' 4 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20) 
B4 (CD19), cALLA (CD10), HLA-DR, and terminal 
deoxynucleotidyi transferase (Tdt), but negative for surface 
immunoglobulin- This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage. 8 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoRl, Hindlll, SstI, Sau3A, and EcoKl plus Hindlll 
restriction digests, suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The EcoRl Hindlll/ EcoRl, and Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously, the gene encoding hematopoietic 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene. 9 - 12 When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RNA of the IL-3 gene. The break in the IL-3 gene 
occurred in the promoter region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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3A) The break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of IL-3 in the same transcnp- 

the Jb4 region. Between the two breaks, 25 bp of uncertain tional orientation. 1 * Using this information and assuming a 

origin (putative N sequence) were inserted. 1314 No sequences simple translocation event in our sample, we can conclude 

homologous to the immunoglobulin heptamer and nonamer that the IL-3 gene is normally more centromeric, and the 

could be identified in the IL-3 sequence (Fig 3B). Therefore, GM-CSF gene more telomeric on chromosome 5q (Fig 4). 

nucleic acid sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5' ends toward 

IL-3 gene and the IgH gene. The sequence data clearly the centromere, 
showed that the genes were positioned in opposite transcrip- DISCUSSION 
tionalorientations (head-to-head). 

Available data also allowed us to determine the normal In this report we have cloned a unique chromosomal 

positions of the IL-3 gene and the GM-CSF gene in relation translocation that appears to be a consistent feature of a rare, 

to the centromere of chromosome 5 (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca- 
known to be positioned with the variable regions toward the tion joined the promoter of the IL-3 gene to the IgH gene, 
telomere on chromosome 14q. 2J5 It has also been shown that Except for the altered promoter, the IL-3 gene appeared 

• + • 

« 5 ' GGTGACCAGGGTTCCCTGGCCCCAGTAGTCAAAGXAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGC 80 

5 ■ TACC AGACAAACTCTCATCTGTTCGAGTGGCCTCCTGGCCACCCACCAGGACCAAGCAGGGCGGGC AGCAGAGGGCC AGG x 6 0 

********* # . 

5 • CTAGTCCAGGTGATGGCAGA^ 240 
3 • CATCAGGTCCACTACCGTCTACTCTAGGGTGACC 

5 « GGGGTCCTCTCACCTGCTGCCATGCTTCCCATCTCTCATCCTCCTTX^ 320 
3 ■ CCCXZAGGAGAGTGGACGACGGTACGAAGGGTAGAGAGTAGGAGGAACTGTTCTACTTCACTATGGCAAATTCATTAGAAA 

********* m 

5 « TTTCTTGTTTCACTGATCTTCAGTACTAGAAAGTCATGGATGAATAATTACGTCTGTGGTTTTCTATGGAGGTTCCATCT w 
3 • AAAGAACAAAGTGACTAGAACTCATGATCTTTCAGTACCTACTTATTAATGCAGACACCAAAAGATACCTCCAAGGTACA 

5'CAGATAAAGATCCOTCCGACGCCTC^^ 480 
3 1 GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGGTGGTGGAGGGGGGCGGAACGGGCCGCAACACCCGTGGAACGACGAC 

5 « CACATATAAGGCGGGAGGTTGTTGCCAACTCTTCAGAGCCCCACGA 56L 
3 1 GTGTATATTCCGCCCTCC AAC AACGGTTGA 

„ • • 

5 • CCAAACATGAGCCGCCTGCCCGTCCTGCTCCTGCTCCAACTCCTGGTCCGCCCCGGACTC^ 6 4 1 

3 * GGTTTCTMTCG<^GGACGGGCAGGACGAGGACGAGGTTGAGGACCAGGCGGGGCCTGAGGTTCGAGGGTACTGGGTCTG 

5 ' AACGTCCTTGAAGACAAGCTGGGTTAAC 3* 
3 ' TTGCAGGAACTTCTGTTCGACCCAATTG 5" 

5' TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 

. B ^ Jh4 I « ar^CT^ 

++++++++++++++++++++++ 
5 ' TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 

++++++++++++++++++++++ 

sequence from position 64 to 668 is that of the germllne IL-3 gene." The IL-3 TATA box (486), ^"^^ D ^„^L ^J^T) 
Jthion.ne (6671 ere underlined. Two proposed regulatory sequences In the promoter ere martced ^M^^9^^.W 
Comparetive sequence of the t(6 : 14l(q31«,32) breakpoint region. The ^J^™*'*™ ^L^eTalso £Z ApCsslt+1 
nonamer underlined. Clone no. 4 is shown with putative N roglon sequences underlmed The " ?Vm»Mta> 6h ° Wn - P ' US 8i9 " , + > 
denotes the identical nucleotide betwesn sequences. No heptamer or nonamer « identified in the IL-3 sequence. 
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Fig 4. Diagram of the translocation. The normal chromosome 
5<j31 is shown with the GM-CSF gene telomeric to the IL-3 gene in 
the transcriptional orientation shown. On normal chromosome 
14q32 the Vh regions are telomeric. The t(5;14)(q31;q32) translo- 
cation results in the head-to-head orientation of these genes. 
Symbols are defined in Fig 2. BP, breakpoint position. 



intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene. 1718 This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the.c-mj/c gene in some cases of 
Burkitfs lymphoma. 19 An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
autocrine loop is important for the pathogenesis of this 
leukemia. Over-expression of the IL-3 gene coupled with 



the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-lineage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor. 21 - 22 

An additional feature of this type of leukemia is the 
dramatic eosinophilic consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor. 23 - 24 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukemic cells might 
have a role in the eosinophilia in this type of leukemia. 12 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation. 13 - 14 This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
in this region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 1 4 kb away (Fig 4). This 
is known to be within the range of enhancer activation. 25 The 
interleukin-5 (IL-5) gene maps to chromosome 5q3l. M 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation. 27 These and other questions 
will be answered by the study of more patient samples; We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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RAPID COMMUNICATION 

Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



The t(5;14)(q31;q32) translocation from B-lineage acute 
lymphocytic leukemia with eosinophilia has been cloned 
from two leukemia samples. In both cases, this transloca- 
tion Joined the IgH gene and the interleukin-3 (IL-3) gene. In 
one patient, excess IL-3 mRNA was produced by the 
leukemic cells. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bell, oabl, and omyc, that are located adjacent to the 
translocation. 1,2 It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophenotype, eosinophilia, and 
the t(5;14)(q31;q32) translocation. 3 * 4 Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 

Samples and Southern blots. Case 1 has been described. 5,6 
Clinical features of Case 2 have been described in detail. 3 DNA 
isolation and Southern blotting was done using previously described 
methods. 5 Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoKl genomic IL-3 fragment, and an IL-3 
cDNA probe. 7 * 

Northern blots. RN A isolation and Northern blotting have been 
described. 9 Briefly, Northern blots were done by separating 9/xg 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF) cDNAprobe. ,<M2 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 144:5'-TAGGATCCGACGGTGACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: 5'- AACAGG ATCCCGCCTTATATGTGCAG) . 
Polymerase chain reaction (PCR) (95°C for 1 minute, 61°C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 mL containing 67 mmoi/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgCl 2 , 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fraction V), 



activity; There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-6 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the 11-3 gene, 
resulting in autocrine and paracrine growth effects. 
© 1990 by The American Society of Hematology. 

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Perkin-Elmer, Norwalk, CT). 13 

Sequencing. Sequencing was done by chain termination in M 1 3 
vectors. 14 As part of this study, we sequenced a subclone of a normal 
IL-3 promotor, covering 598 base pairs from a Sma I site at position 
— 1240 (with respect to the proposed site of transcription initiation) 
to an Nhe I site at position —642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos! cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector. 10 Briefly, the Hindlll/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously described phage clone 4 into pUC18. 5 The 2.6 kb 
fragment extending from the Sma I site 6 1 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert. Plasmids were introduced into Cos7 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TF1 bioassay. TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutemine, and 1 ng/mL human GM-CSF. 15 Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 ph volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-well microtiter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 pL 
was added to appropriate wells and preincubated for 1 hour at 37°C. 
Fifty microliters of twice washed TF-1 cells were added to each well, 
giving a final cell concentration of 1 x 10 4 cells per well (final 
volume, 100 pL). The plate was incubated for 48 hours. The 
remaining cell viability was determined metabolically by the colori- 



From the Division of Hematology/Oncology 111H, Department 
of Medicine, University of California and the Veterans Administra- 
tion Medical Center, San Francisco, CA; the Center for Molecular 
and Cellular Diagnostics, Department of Pathology and Cell 
Biology, University of New Mexico, Albuquerque, NM; the Division 
of Hematology/Oncology, Department of Medicine, West Virginia 
University, Morgantown, WV; and DNAX Research Institute, Palo 
Alto, CA. 

Submitted March 27, 1990; accepted April 19, 1990. 

Supported in part by the University of California Cancer Re- 
search Coordinating Committee and University of New Mexico 
Cancer Center funding from the state of New Mexico. The DNAX 
Research Institute is supported by Schering-Plough. 

Address reprint requests to Timothy C. Meeker, MD, Division of 
Hematology/Oncology 1UH, Department of Medicine, University 
of California and the Veterans Administration Medical Center, 
4150 Clement St, San Francisco, CA 94121. 

e 1990 by The American Society of Hematology. 

0006-497 1/90/7602-0022$3.00/0 



Blood, Vol 76, No 2 (Juty 15), 1990: pp 285-289 



285 



o 



O 



286 



IfJh5 



MEEKER ETAL 

♦ +++++++++ +++++++++ + ++ + + ; i^^^^wm^ 

CIone 

S QOOQAQAaAOCmTOQAAOCKlATGAOO^ 

Fig 1. Breakpoint sequences for Case 2. The germline lgJh5 region sequence (protein codina reaion «nH r*^A E 
sequences ere underlined) is on top, the translocation sequence from Case 2 (PCft primer sequences and putative N rl^T! !T * l0nal 
Is In the middle, and the germline IL-3 sequence, which we derived from a normal IL-3 ctene^^^m.' ? ""J 01 * 1 "" 

sequence has the same nucleotide. The sequence documents the head-to-head joining of the IL-3 and IgH genes The breS^ ^ T£ 
gene occurred at position - 934 (• ). u 1 n ® Dr «*Kpolnt in the IL-3 



metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Menlo Park, CA) set at 570 and 650 nm. 16 

Cytokine immunoassays. These assays used rat monoclonal 
anti-cytokine antibodies (10 ng/mL) to coat the wells of a PVC 
microtiter plate. The capture antibodies used were BVD3-6G8, 
JES1-39D10, and BVD2-23B6, for the IL-3, IL-5, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for IL-3, undiluted for IL-5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NlP)-derivatized rat 
monoclonal antibodies JES1-5A2 and BVD2-21C11, specific for 
11^5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-labeled goat anti-mouse Ig for IL-3, or HRP-tabeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3'azino-bis-benrthiazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the J/mdIII restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
mately 14 kb was detected (data not shown). When reprobed 
with either of two different IL-3 probes. a rearranged 14 kb 
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fragment, emigrating with the rearranged Jh fragment was 
identified. When leukemic DNA was digested with m'ndlll 
plus EcoKl, a rearranged Jh fragment was detected at 6 kb 
The IL-3 probes also identified a comigrating fragment of 
this size. These experiments indicated that the leukemic 
sample studied was clonal and that a single fragment 
contained both Jh and IL-3 sequences, suggesting a translo- 
cation had occurred. 

To characterize better the joining of the IL-3 gene and the 
immunoglobulin heavy chain (IgH) gene, the polymerase 
chain reaction (PCR) was used to clone the translocation 13 
A Jh pnmer and an IL-3 primer were designed to produce an 
amplified product in the event of a head-to-head transloca- 
tion. While control DNA gave no PCR product, Case 2 DNA 
yielded a PCR-derived fragment of approximately 980 bp 
which was cloned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promoter of 
the IL-3 gene in a head-to-head configuration (Fig 1) 
Sequence analysis indicated that the breakpoint on chromo- 
some 14 was just upstream of the Jh5 coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstream of 
the putative site of transcription initiation of the IL-3 gene 
We also determined that a putative N sequence of 17 bp was 
inserted between the chromosome 5 and chromosome 14 
sequences during the translocation event." " Figure 2 shows 
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Fig 2. Relationship of chromosome 5 breakpoints to the IL-3 gene. Thl« figure shows the two cloned brnnk^u*. i„_ >, 
the norms. IL-3 gene.™ Ono breakpoint occurred st position -462 and the other et telW^S "'«•<>" " 

translocations resulted m e head-to-head Joining of the IgH gene and the IL-3 gene, leaving the mRNA and protein codino r^T^T' .f"! 
gene intact. Boxes denote the five IL-3 exons; restriction enzymes are (B) ftomHI. <PJ Pst I, (H) Hps I, (Ej Eccm. andtxTxftoL 
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Fig 3. Documentation of IL-3 mRNA over-expression. A Northern blot was prepared and hybridized with a probe for IL-3. Lane 1 
contained RNAfrom unstimulated peripheral blood lymphocytes (PBU as a negative control. Lane 2 contained RNA from PBL stimulated for 
4 hours with concanavalian A (ConA), and lane 3 contained RNA from PBL stimulated with ConA for 48 hours. As in the positive control 
lanes (2 and 3). a 1 kb band was identified in the leukemic sample from Case 1 (lane 4, lower arrow), suggesting aberrant expression of the 
IL-3 gene. In addition, the leukemic sample showed over-expression of an unspliced 2.9 kb IL-3 transcript (lane 4. upper arrow) We 
documented that this represented an unspliced precursor of the mature 1 kb transcript by showing that this band hybridized to a probe 
from intron 2 of the IL-3 gene. A similar 2.9 kb band was detected in lane 2, suggesting that an IL-3 mRNA of this size is sometimes 
detectable in normal mhogen-stimulated cells. Lane 5 through 10 represent RNA from six samples of IMineage acute lymphocytic leukemia 
without the t(5;14) translocation, indicating that only the sample with the translocation exhibited IL-3 over-expression. Case 2 could not be 
analyzed by Northern Wot because too few cells were available for study. 



the locations of the two cloned breakpoints in relation to the 
IL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the S V40 
promotor/enhancer in the Cos7 cell line. Cell supernatants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
(data not shown). Furthermore, the biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-Iineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 19,20 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JES1- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either anti-IL-5 0 r anti-GM-CSF was consistent with the 
inability to measure these factors by immunoassay and 



Table 1 . Peripheral Blood Counts and Growth Factor Levels 
at Different Times in Case 2 



Sample Date 





11/16/83 


1/16/84 


3/14/84 


Peripheral blood counts (cells//xL) 








WBC 


81,800 


116,500 


12,300 


Lymphoblasts 


0 


33,785 


0 


Eosinophils 


46,626 


73,080 


616 


Serum growth factor levels (pg/mL) 








IL-3 


<444 


7,995 


1,051 


GM-CSF 


<16 


<15 


<16 


IL-6 


<B0 


<60 


<60 



Peripheral blood counts from Case 2 at three different time points with 
the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to lower 
his leukemic burden. 5 No serum samples were available for a similar 
analysis of Case 1. 

Abbreviation: WBC, white blood cells. 
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Fig 4. Bioassay of serum IL-3. Leukemic patient sera were tested for bioactive IL-3 and IL e in th* tc 1 
reciprocal of the dilution is indicated on the horizontal axis and the optical dens^^ 1 , J prolrfenitlon assa V- The 

vertical axis. Serum from all three time points was assayeVs^ ° f ** Mloat * d ™ 

concentration of monoclonal rat entMW, BVDS^mmU or Zwl^ jf^ Tn£nJ^?f* monos P eclfic b V «**«9 a 1 Mg/mL final 
Inhibition of proliferation was ev^e^ ^ ,nd ^ ~ M °Ab. On 1 /16/84 and 3/14/84. 

was not detected in this assay, as amM JTdid Z™e T^^^' dOC ™ entfn « "™ « " °« those days. Serum IL-5 



indicated that these other myeloid growth factors were not 
detectably circulating in the serum of this patient. 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promotor. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

Hie finding of a disrupted IL-3 promotor associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product. In this work, we have documented that this is true. 
In addition, neither GM-CSF nor IL-5 are over-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolution of this 
leukemia. 21 The excessive IL-3 production that we have 
documented would be one feature of such an autocrine loop. 
The final proof of our thesis must await additional data. In 
particular, from the study of additional clinical samples, it 
will be necessary to document that the IL-3 receptor is 
present on the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophilia in these patients is mediated by the para- 
crine effects of leukemia-derived IL-3, similar interventions 
may improve this aspect of the disease. Antibodies or 
engineered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of the 
c-erbB-2 (HER-2/neu) Oncogene 

Timothy P. Singleton and John G. Strickter 



*. The c-erfcB-2 oncogene was first shown to have clinical significance in 1987 by 

• Slamon et al, ra who reported that c-eriB-2 DNA amplification in breast carcino- 

mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-erfeB-2 activation in breast 
I carcinoma reached conflicting conclusions about its clinical significance. This 

i oncogene also has been reported to have clinical and pathologic implications in 

.1 other neoplasms. Our review summarizes these various studies and examines 

| the clinical relevance of c-eriB-2 activation, which has not been emphasized in 

' recent reviews. The molecular biology of the c-er&B-2 oncogene has been 

extensively reviewed 37 - 38 ' 55 and will be discussed only briefly here. 



BACKGROUND 



The c-erbB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats. ^-H 78 The c- 
erbB-2 was a human gene discovered by its homology to the retroviral gene v- 
er&B. 33 ' 49 ' 76 HER-2 was isolated by screening a human genomic DNA library for 
homology with v-erfeB. 24 When the DNA sequences were determined subse- 
quently, c-erfcB-2, and neu were found to represent the same gene. 
Recently, the c-er&B-2 oncogene also has been referred to as NGL. 

The c-erbB-2 DNA is located on human chromosome 17q21 MJWfl and codes 
for c-erJ>B-2 mRNA (4.6 kb), which translates c-erfcB-2 protein (pl85). This 
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protein is a normal component of cytoplasmic membranes. The c-eriB-2 
oncogene is homologous with, but not identical to, c-erfcB-1, which is located 
on chromosome 7 and codes for the epidermal growth factor receptor. B » 1W The c- 
erfoB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain. 2 * 105 Electron microscopy 
with a polyclonal antibody detects oerbB-2 immunpreactiyity on cytoplasmic 
membranes of neoplasms, especially on microvilli and the non-vfllous outer cell 
membrane. 61 In normal cells, immunohistochemical reactivity for c-erfeB-2 is 
| ; I frequently present at the basolateral membrane or the cytoplasmic membrane's 

brush border. 

: There is experimental evidence that c-erfeB-2 protein may be involved in 

) \ the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 

eriB-2 protein can transform a cell line into a malignant phenotype. 25 Also, 
when the neu oncogene containing an activating point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
I ) . develop multiple independent mammary adenocarcinomas. 18 * 63 In other experi- 

i ments, monoclonal antibodies against the neu protein inhibit the growth (in 

. i| nude mice) of a new-transformed cell line, 26 - 28 and immunization of mice with 

p. ! neu protein protects them from subsequent tumor challenge with the neu- 

ijr : 5 transformed cell line." Some authors have speculated that the use of antago- 

*f Is nists for the unknown ligand could be useful in future chemotherapy. 85 Further 
i|| | review of this experimental evidence is beyond the scope of this article. 

The c-erfoB-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of c+erbB-2 activa- 
tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c-erbB-2 activation 
at multiple sites in the same patient, 1 J' 12 * 39 - 41 ' 8 * although c~erbB-2 activation has 
rarely been detected in metastatic lesions but not in the primary tumor, s7 ' c0107 
Even more rarely, c-eriB-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 6 In patients who have 
\ | jj " bilateral breast neoplasms, both lesions have similar patterns of e-erfcB-2 activa- 

tion, but only a few such cases have been studied. 11 



MECHANISMS OF oert>B-2 ACTIVATION 



The most common mechanism of c-erf?B-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-erfeB-2 mRNA and 
protein, 1734 ' 65 * 81 The c-erfeB-2 amplification may stabilize the overproduction of 
| !j ! mRNA or protein through unknown mechanisms. Human breast carcinomas 

with c-er&B-2 amplification contain 2 to 40 times more c-erbB-2 DNA 4 * 5 and 4 to 
i ! 128 times more c-erbB-2 mRNA 34 ' 90 than found in normal tissue. Most human 

1 1 breast carcinomas with oerfcB-2 amplification have 2 to 15 times more c-erfcB-2 

;|S ; DNA. T\iraors with greater amplification tend to have greater overproduc- 

* tiori. 17 ^ 65 The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-erfeB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

• The second most common mechanism of activation is overproduc- 

tion of c-erfcB-2 mRNA and protein without amplification of c-erfcB-2 DNA, 81 
The quantities of mRNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal breast -or other 
tissues . " ( ra,5a The c-erbB-2 protein overproduction without mRN A overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines." 

Other rare mechanisms of oerfcB-2 activation have been reported. Translo- 
cations involving the c-6r&B-2 gene have been described in a few mammary and 
i gastric carcinomas, although some reported cases may represent restriction 

fragment length polymorphisms or incomplete restriction enzyme digestions 
that mimic translocations. 31 ' 65 - 7 *"- 90 ' 108 A single point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea. 9 * 55 The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. l0 ^ m Although there has been specula- 
tion that some of the amplified c-erbB*2 genes may contain point mutations, 46 
none has been detected in primary human neoplasms. ^53,81 



TECHNIQUES FOR DETECTING c-e/*B-2 ACTIVATION 
Detection of c-enbB-2 DNA Amplification 

Amplification of c-erbB-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c-erfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a oerbB-2 DNA probe. In both tech- 
i niques, c-erfcB-2 amplification is quantified by comparing the intensity (mea- 

sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-erfcB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
1 graded or diluted by DNA from stromal cells. 81 Second, the c-erfcB-2 DNA 

probe must be carefully chosen and labeled. For example, oligonucleotide c- 
erfeB-2 probes may not be sensitive enough for measuring a low level of c-eriB- 
' 2 amplification, because diploid copy numbers can be difficult to detect (unpub- 

; lished data). Third, the total amounts of DNA in the sample and control tissue 

■ must be compensated for, often with a probe to an unamplified gene. Many 

studies have used control probes to genes on chromosome 17, the location of c- 
erbft-2, to correct for possible alterations in chromosome number. Identical 
, results, however, are obtained by using control probes to genes on other chrc- 

I mosomes, 5 '®' 80 with rare exception, 17 Studies using control probes to the beta- 

i 
! 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionally in breast carcinomas. 3 V 
Amplification of c-er6B-2 DNA was assessed by using the polymerase > 
chain reaction (PCR) in one recent study. 32 Oligoprimers for the c-erfcB-2 gene 
and a control gene are added to the sample's DNA, and PCR is performed. If .«; 
die sample contains more copies of c-erfcB-2 DNA-thKrxtf^e amtrd^eiie, the- 
c-eriB-2 DNA is replicated preferentially. >. , 

Detection of c-erbB-2 mRNA Overproduction h 

Overproduction of c-er£>B-2 mRNA usually is measured by RNA dot blot or \ 
Northern blot hybridization. Both techniques require extraction of RNA but I 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR for detection of c-erfcB-2 mRNA has been described in two recent 5 
abstracts. 89 - 10 * 

Overproduction of c-er&B-2 mRNA can be measured by in situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized i f 
with a radiolabeled probe, washed, treated with nuclease to remove unbound Vj : 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce c-erfeB-2 mRNA. Negative control probes are 
used. 65.*u<K Our experience indicates that these techniques are relatively insensi- 
tive for detecting c-er&B-2 mRNA oveiproduction in routinely processed tisr 
sue. Although the sensitivity may be increased by modifications that allow 
simultaneous detection of c-erfcB-2 DNA and mRNA, in situ hybridization still | 
is cumbersome and expensive (unpublished data). | \ 

All of the above c-eri>B-2 mRNA detection techniques have several prob- t 
lems that make them more difficult to perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in ;i 
■ ^ I tissue that is not immediately frozen or fixed. In addition, during die detection | • \ 

procedure, RNA can be degraded by RNasc; a ubiquitous enzyme, which must 
be eliminated meticulously from laboratory solutions. Third, control probes to 



genes that are uniformly expressed in the tissue of interest need to be carefully § j 

selected. 



Detection of c-erbB-2 Protein Overproduction \ \ 

V • The most accurate methods for detecting c-erhB-2 protein overproduction are |: { 

■ : the Western blot method and immunoprecipitation. Both techniques can docu- | j 

ment the binding specificity of various antibodies against c-erfcB-2 protein. In | i 

Western blot studies, protein is extracted from the tissue, separated by electro- Si ! 

. V phoresis (according to size), transferred to a membrane, and detected by using an- $ : 

i i tibodies to c-erfcB-2. In immunoprecipitation studies, antibodies against c-er&B- f ; 

.' ; j 2 are added to a tumor lysate, and the resulting protein-antibody precipitate is | • 

. ;j separated by gel electrophoresis and stained for protein. Both Western blot and | i 

\ v • • immunoprecipitation are useful research tools but currently are not practical for * j 

diagnostic pathology. TWo recent abstracts have described an enzyme-linked |j 
immunosorbent assay (BUS A) for detection of c-«rfcB-2 protein. 
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Overproduction of c-erfcB-2 protein is most commonly assessed by various 
immunohistochemical techniques. These procedures often generate conflicting 
results, which are explained at least partially by three factors. First, various 
studies have used different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the c-erfeB-2 
— protein band" on - Western blot or iminunopiwipitation^^the-results- of these 
studies should be interpreted with caution. 22 ' 36 * 47 ' 61 Even some monoclonal anti- 
bodies immunoprecipitate protein bands in addition to c-edbB-2 (plSS). 30 * 59 ' 86 
Second, tissue fixation contributes to variability between studies. For example, 
some antibodies detect c-eriB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive cells. 81 ' 86 
When Bouin's fixative is used, there may be a higher percentage of positive 
cases, 22 Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c-er&B-2 activation in breast 
carcinoma, the number of positive cells and the staining intensity required to 
diagnose c-erfcB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-erfcB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing. 04 



ACTIVATION OF c-erbB-2 IN BREAST LESIONS 
Incidence of c-erbB-2 Activation 

Most studies of c-erbB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-erfcB-2 DNj\ was found 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (Ikble 1), and 
<yerhB-2 mRNA or protein overproduction was detected in 20.0 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- 
erfcB-2 mRNA or protein overproduction in 15 percent (88 of 604) of carcinomas 
that lacked c-erbB-2 DNA amplification. 

The incidence of c-erfcB^2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-erfcB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent c-erfcB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erfcB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent, 
49 of 72). The raicropapillary type of ductal carcinoma in situ also tends to have 
c-erhB-2 activation, 40 " 68 especially if larger cells are present. The greater fre- 
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quency of c-erfcB-2 protein overproduction In comedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show c-erfeB-2 activation infrequently. Others have speculated 
that carcinoma in situ with c-erfrB-2 activation tends to regress or to lose c- 
erfoB-2 activation during progression to invasion, infiltrating and in situ 
components of ductal carcinoma, however, usually are similar with respect to c- 
erfcB-2 activation, 1139 although some authors have noted more heterogeneity of 
the immuriohistochemical staining pattern in invasive than in in situ carci- 
noma. 40 - 428fl Activation of c-erfeB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern qf carcinoma in situ, the c- 
ertB-2 protein overproduction tends to occur in the comedocarcinoma in situ 
but may include other areas of carcinoma in situ.* 2 * 54 - 6 * Overproduction of c- 
erfeB-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate, 68 

Activation of c-erfcB-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2), Strong 
membrane immunohistochemical reactivity for c-erfcB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. 39 ^ 54 In normal breast tissue, c-erfeB-2 DNA is 
diploid, and c-erfcB-2 is expressed at lower levels than in activated tumors. 3 *- 35 ^ 88 

These preliminary data suggest that c-erbB-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. For 
example, c-erbB-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because c-erf>B-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-eriB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-erfcB-2, are unlikely to be mistaken for those of benign lesions. Activation of 

TABLE 2. c-erf>B*2 ACTIVATION IN BENIGN HUMAN BREAST LESIONS 





*erfrB-2 DNA 


c-er6B-2 mRNA 


c-erbB-2 Protein 


Histological Diagnosis 


Amplification" 


Overproduction 


Overproduction 


Fibrocystic disease 


0/1093 




0/32W 0/9 "0/8* 


Atypical ductal hyperplasia 






2(weak)/21," 
HcytoplasmloJ/IS 38 


Benign ductal hyperplasia 






0/12^ 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


0/16*0/6* 
0/2," 0/1" 


0/6 » 0/3* 


0/21* 0/10" 
0/8 » 0/3** 


Radial scars 






0/22« 


Blunt duct adenosis 






0/1 4 OT 


"Breast mastoels" 




0/335 





•Shown as number ot cases with activatJorVhumber of cases studied; reference Is given as a superscript 
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c-erfeB-2, however, does favor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of these issues would be useful. 

Correlation ol c-erbB-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to correlate c-eriB-2 activation with various 
pathologic prognostic factors (Table 3). Activation of c-er&B- 2 was correlated 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of IT series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-erfcB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic factors and may correlate with c^r&B-2 activation. 6 ' 7 

Correlation of c-er5B-2 Activation With Clinical Prognostic Factors 

Various studies have attempted also to correlate c-criB-2 activation with clinical 
features that may predict a poor outcome (Table 4). Activation of c-erfeB-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-er&B-2 activation, and, in the rest of the reports, c- 
eriB-2 activation was associated with either younger or older ages. 

Correlation of c-erbB-2 Activation With Patient Outcome 

Slamon et al 79 - 81 first showed that amplification of the c-€rhB-2 oncogene inde- 
• pendently predicts decreased survival of patients with breast carcinoma. The 

correlation of c-erbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c-erbB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis, 79 - 81 

A large number of subsequent studies also attempted to correlate c-eriB-2 
activation with prognosis (Table 5). In 12 series, there was a correlation be- 
tween c-erfcB-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-erbB-2 activation was reported to be 
independent of other prognostic factors. In contrast, 18 series did not confirm 
the correlation of c-erfoB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-er&B-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
e-erfoB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-erfcB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erfoB-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 6, CORRELATION OF e-er*B* ACTIVATION WITH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 



Number of Patients 



Type of 



With 
MatastaaVs to 





Activation 6 


Tote/ 

• W4WJ 


Axilmty No 
uympn nooei lYietuSiasiB 


Statistical 
Anauyeis 0 


Reference 


<0.05 


ONA 


176 




M 


87 


<0.06 


DNA 


61 




U 


60 


<0.05 


DNA 


57 




U 


65 


<0.05 


DNA 


41 




U 


93 


<0.05 . 


mRNA 


62 




U 


65 


<0.05 


Protein 


102 




M 


101 


<0.05 


ONA 




345 


M 


81 


<0.05 


DNA 




120 


U 


17 


<0.05 


DNA 




91 


U 


87 


<0.05 


DNA 




86 


M 


79 


<0.05 


Protein- WB 




350 


M 


85 


<0.05 


Protein 




62 44 


U 


101 


6.05-0.15 


DNA 


67 




u 


444 

111 


0.05-0.15 


Protein 


189 




M 


92 


0.05-0.15 


Protein 




120 


U 


86 


>0.15 


DNA 


130 




U 


113 


>0.15 


DNA 


122 




M 


4 


>0.15 


DNA 


50 




U 


44 


>0.15 


mRNA 


57 




U 


50 


>0.15 


Protein 


290 




M 


86 


>0.15 


Protein 


195 




U 


11 


>0.15 


Protein 


102 




U 


39 


>0.15 


Protein 




137 


U 


17 


>0.15 


DNA 




181 


M 


61 


>0.15 


DNA 




159 


U 


17 


>0.16 


DNA 




73 


U 


& 


>0.15 


Protein- WB 




378 


U 


85 


>0.15 


Proteln-WB 




192 


u 


17 


>0,15 


Protein 




141 


u 


86 


>0.15 


Protein 




41 


u 


40 



— — r~"«— w. »■ >v«w u<uviua "win luniui idwiidhw wf uuwivaaau ©urvivtu 01 wiru uorroiauon DOiween 0- 

eroB-2 activation and a poorer patient outcome Is statistically significant at <0.05, Is of equivocal significance 
al 0.0S to 0.15, and is not significant at >0.1 6. 

*Shown as variabie measured. Lettera "WB" Indicate assay by Western blot; the other protein studies used 
Immunohistochemlcal methods. 

C M - multivariate statistical analysis; U «= univariate statistical analysis. 
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US D^!2S2IT«SL E ° F BREA8T CA *CINOMAS WITH METASTASIS COMPARED 
WITH PROGNOSTIC SIGNIFICANCE OF c-er*B~2 ACTIVATION 



% of tumors with 
lymph node 
metastasis In 
each study 



70- 



60- 



60- 



40- 



71 (DNA)» 



61 (DNA) 80 

69 (DNA) 87 
58(Protein) 101 



64(DNA)m 



42(Proteln)« 



+ 



P<0.05 



— h 



a05<P<0.15 



64 (mRNA)* 
61(DNA)« 



68 (DNA) 44 
57 (DNA) 1 * 
65(Proteln)» 

48(Prolein)" 
46(Protein)« 



P>0;16 



P for correlation of c-erbB-Z acUvatlon with patient outcome. ~~ 

^ o^!^" 561 ? 90 * breast carcinoma6 wilh metastasis Is compered with the correlation between o- 
er*B-2 acttvation and outcome. These data include only those studies that considered, as one group, afl breast 
cancer patients, whether or not they had axillary metastasis. Superscript* are the references JnT 
are the types of oerbB-2 activation. P values are Interpreted as In Tabte3 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-€rrfcB-2 activation is infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of c- 
erfcB-2 activation in ductal tumors. In addition, most studies do not analyze 
inflammatory breast carcinoma separately. This condition frequently shows c- 
erfcB-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potentia] problem is the paucity of studies that attempt to correlate 
c-erfcB-2 activation with chnical outcome in subsets of breast carcinoma without 
metastasis. T\vo recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-<?rhB-2 overexpression predicted early 
recurrence.* ■» In patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-er&B-2 activation. 40 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-€rfeB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-^rfeB-2 activa- 
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tion and poor patient outcome measure c-eriB-2 DNA amplification (Table 5) 
and breast carcinoma patients with greater amplification of <M?rfcB-2 may have 
poorer survival™ 1 Recent studies suggest that amplification has more prognos- 
tic power than overproduction,".*** but the clinical significance of c-erbB*2 
overproduction without DNA amplification deserves further research. 1 *** Few 
studies have attempted to correlate patient outeme^ witb^ei*B-2"mRNA 
overproduction, and many studies of c-erfcB-2 protein overproduction use rela- 
tively less reliable methods such as immunohistochemical studies with poly- 
clonal antibodies. 

Comparison of c-eribB-2 Activation With Other Oncogenes In 
Breast Carcinoma 

Other oncogenes that may have prognostic implications in human breast cancer 
are reviewed elsewhere.".™ This section will be restricted to a comparison 
hetween the clinical relevance of c-erfcB-2 and these other oncogenes. 

The c-myc gene is often activated in breast carcinomas, but c-myc activa- 
tion generally has less prognostic importance than c-er*B-2 activation. «UMWmb 
One study found a correlation between increased mRNAs of c-*r/>B-2 and c- 
myc, although other reports have not confirmed this. Subsequent research, 
however, could demonstrate a subset of breast carcinomas in which c-myc has 
more prognostic importance than c-erfcB-2. 

The gene c-er&B-l for the epidermal growth fector receptor (EGFR) is 
homologous with c-*r&B-2 but is infrequently amplified in breast carcinomas. » 
Overproduction of EGFR, however, occurs more frequently than amplification 
and may correlate with a poor prognosis. In studies that have examined both c- 
erfcB-2 and EGFR in the same tumor, c-er*B~2 has a stronger correlation with 
poor prognostic factors*.** Studies have tended to show no correlation between 
amplification of c-erfeB-2 and c-er&B-l or overproduction of c-erfcB-2 and EGFR, 
although at the molecular level EGFR mediates phosphorylation of c-eriB-2 
protein.s^w.se.iw Recent reviews describe EGFR in breast carcinoma, auo 

The genes c-erbA and ear-1 are homologous to the thyroid hormone recep- 
tor, and they are located adjacent to c-erfcB-2 on chromosome 17. These genes 
are frequently coamplified with cx?r&B-2 in breast carcinomas. The absence of 
c-erfcA expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene in breast neoplasia. 90 Amplification of c-erfoB-2 can occur 
without ear-1 amplification, and these tumors have a decreased survival that is 
similar to tumors with both c-erfeB-2 and ear-1 amplification. 87 Consequently, 
c-erhB-2 amplification seems to be more important than amplification of c+erbA 
or ear-1. 

Other genes also have been compared with c-er&B-2 activation in breast 
carcinomas. One study found a significant correlation between increased c-erfeB- 
2 mRNA and increased mRNAs of/<w, platelet-derived growth factor chain A, 
and Ki-r<w.i<* Allelic deletion of c-Ha-nw may indicate a poorer prognosis in 
breast carcinoma, *i but it has not been compared with c-cr6B-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes. *< us 
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ACTIVATION OF c-erf>B-2 IN NON-MAMMARY TISSUES 

Incidence of c-ert>B-2 Activation In Non-Mammary Tissues 

Table 7 summarizes the normal tissues In which c-er&B-2 expression has been 
detected, usually with immunohistochemical methods using polyclonal anti- 



TABLE 7. PRESENCE OR ABSENCE OF *ert>B-2 mRNA OR c-er*B-2 PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 
c-erbB-2 
mRNA 



Tissues Producing 
c-ert>B-2 Protein* 



Tissues Lacking 
c-erfaB-2 mRNA 



Tissues Lacking 
o-erbB4> Protein 



Skin" 



Stomach" 

Jejunum" 

Colon" 

Kidney 



Liver* 



Lung* 



Fetal brain" 

Thyroid 1 
Uterus" 



Placenta" 



Epidermis" 
External root sheath 86 
Eccrlne sweat gland 56 
Fetal oral mucosa 62 
Fetal esophagus 62 
Stomach 22 - 62 
Fetal Intestine 62 * 
Small intestine 22 ' 62 
Colon 22 * 62 
Fetal kidney 62 - 

Fetal proximal tubule 6 * 
Distal tubule 62 
Fetal collecting duct 62 
Fetal renal pelvis 62 
Fetal ureter 62 
Hepatocytes 22 
Pancreatic acini 22 
Pancreatic ducts 22 * 1 
Endocrine cells of islets 
of Langertians 22 

Fetal trachea 62 
Fetal bronchioles 62 
Bronchioles 62 



Fetal ganglion cells 62 



Ovary" 
Blood vessels 42 



Postnatal oral mucosa 62 
Postnatal esophagus 62 



Kidneys' 04 Glomerulus 62 

postnatal Bowman's capsule 62 
Postnatal proximal tubule 62 

Postnatal collecting duct 62 
Postnatal renal pelvis 62 
Postnatal fetal ureter 62 
Liver 6 * 28 



Pancreatic Islets 62 

Postnatal trachea 62 
Postnatal bronchioles 62 

Postnatal alveoli 62 - 66 
Postnatal brain 62 
Postnatal ganglion cells 62 



Endothelium 62 

Adrenocortical cells 62 
Postnatal thymus" 
Fibroblasts 62 
Smooth muscle cells 62 
Cardiac muscle cells 62 



This protein study used Western btets; the rest used Immunohistochemical methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies/ however, are listed, with the 
caveat that these findings should be confirmed by iramunoprecipitaHon or 
Western or RNA blots. Production of c-erfcB-2 has been identified in normal 
e P^hum of the gwtrpintestinal tract and skin, Discrepancies regarding c- 
eriB-2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on c-erfeB-2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplification and overexpression of other genes, although this has not 
been documented for c*€riB-2. 

Activation of c-erfcB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies (Table 8). One abstract 45 stated that ovarian 
carcinomas contained significantly more c-erfcB-2 protein than ovarian non- 
epithelial malignancies. Another report 81 showed that 12 percent of ovarian 
carcinomas had c-er&B-2 overproduction without amplification. 

Activation of c-erfcB-2 has been identified in 20 percent {40 of 198) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 

TABLES. c-erbB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS' 



Tumor Type 



c-orfaB-2 DNA 
Amplification 



e-erbB-2 c-e/oB-2 

mRNA Protein 

Over* Over* 

production production 



Ovary— carcinoma, not otherwise 
specified 



31/1 20," 1/11( «r 
0/6 f «tf 0/6 t "0/3,'« 
0/2*2 0/111° 

2/7,n» 1/7,'iz 076" 
0/3HO 

1/2, 1 * 0/1* 2 

0/2,^0/1 72 



20/67* 23/73,1* 
36/72«i 



Ovary— serous (papillary) carcinoma 
Ovary— endometrioid carcinoma 
Ovary— mucinous carcinoma 
Ovary— clear cell carcinoma 
Ovary— mixed epithelial carcinoma 
Ovary— endometrioid borderline tumor 
Ovary— mucinous borderline tumor 
Ovary— serous cystadenoma 
Ovary— mucinous cystadenoma 
Ovary— sclerosing stromal tumor 
Ovary— fibrothecoma 
Uterus — endometrial adenocarcinoma 



0/2" 
0/1" 
O/372 
0/4" 
0/2 72 
0/1" 
0/1" 



0/4* 0/1HO 



•Shown as number of cases with amplification (or overproductton)/totaJ number of cases studied; reference fe 
given as super script Ail protein studies used Immunohistochemical methods. 
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Intestinal or tubular subtypes and 9 percent (4 of 47) of diffuse or signet ring cell 
subtypes (Table 9). Activation of c-er*B-2 has been detected in 2 percent (6 of 
281) of colorectal carcinomas, although an additional immunohistochemical 
study detected c-<?r&B-2 protein in seven of eight tissues fixed in Bouin's solu- 
tion. One study found greater immunohistochemical reactivity for c-erfcB-2 
KPtein in clonic adenomatous polyps than in the adjacent normal epithelium 
using Bouin's fixative- Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show decreased immunohistochemical reactivity for c- 
er*B-2 protein « Hepatocellular carcinomas (12 of 14 cases) and cholangiocarci- 
nomas (46 of 63 cases) reacted with antibodies against c-*r£B-2 in one study, but 
some of these "positive" cases showed only diffuse cytoplasmic staining, which 



TABLE a c-erDB-2 ACTIVATION IN HUMAN GASTROINTESTINAL TUMORS- 



Tumor Type 



c-e/t>B-2 DNA 
Amplification 



c-erf>B-2 
Protein 
Over- 
production 



Esophagus— squamous oell oarclnoma 
Stomach— carcinoma, poorly differentiated 
Stomach— adenocarcinoma 

Stomach— carcinoma, Intestinal or tubular type 
Stomaoh— carcinoma, diffuse or signet ring cell type 
Colorectum— carcinoma 



Colon— villous adenoma 
Colon— tubulovlllous adenoma 
Colon— tubular adenoma 
Colon— hyperplastic polyp 
Intestine— leiomyosarcoma 
Hepatocellular carcinoma 
Hepatoblastoma 
Cholanglocarclnoma 
Pancreas— adenocarcinoma 
Pancreas — acinar carcinoma 
Pancreas — clear cell carcinoma 
Pancreas— large cell carcinoma 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 



0/1 w 
0 /22toa 

2/24 « 2/8, 107 2/6V" 
2/8 » 0/1"* 
5/1 0<* 
G/2'08 

2/49 « 1/45,'" 
1/45, 67 1/45* 
0740. fl1 0/32, 107 0/3 82 

0/160 

0/5* 
0/7*0 
0/1* 

0/12«i 
0/1* 



0/1»1 

4/27 » 3/1 0« 

16754» 
4/45® 

1/22" 7/8 220 



19/16** 
0/1 « 

12/14 *0/2« 

46/63« 

0/1 « 1 
072" 
0/3^ 
0/1<i 

0/1 4««? . 



■Shown as number of cases with amplification (or overproduction)^! number of cases studied; reference is 
given as superscript. Aii.protein studies used Immunohistochemical methods. No studies analyzed (or e*/6B- 
2 mRNA. 

*T1ssues fixed In Bouin's solution. 

'Only cases with distinct membrane staining are Interpreted as showing c-erf>B-2 overproduction. 
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TABLE 10, <***B-2 ACTIVATION IN HUMAN PULMONARY TUMORS 0 



Tumor Typo 



c-enbB-2 

o-ert>B<2DNA Protein 
Amplification Overproduction 



Non-small cell carcinoma 
Epidermoid carcinoma 
Adenocarcinoma 
Large cell carcinoma 
Small cell carcinoma 
Carcinoid tumor 



2/60 i w q/60 8 i 

0/13,* 0/10^0/6" 

0/21 « 1/13.W 0/7,"* 0/7 ,w 0/3^ 

Q/9« 0/B» 

0/1 « 



•Shown as number of oases with amplification (or overproduction)/tota( number of 
given as superscript All protein studies used mimunohlstochemteal methods. No studies 



1/64® 

4/12* 

0/26, w 0/3« 
0/3» 



2 mRNA. 



studied; reference Is 
analyzed for c-eroB- 



does not indicate c-erfcB-2 activation in breast neoplasms * Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto- 
chemical reactivity for oerbB-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell membrane staining « 

Tables 10 through 14 summarize the studies of c-er&B-2 activation in other 
neoplasms. The c-erfcB-2 oncogene is not activated in most of these tumors 
Activation of c-erbB-2 has been detected in 1 percent (4 of 299) of pulmonary 
non-small cell carcinomas in nine studies, although one additional report* 
iound c.er£B-2 protein overproduction in 41 percent (7 of 17). Renal cell carci- 
noma had c-eri>B.2 activation in 7 percent (2 of 30) in four studies. Overproduce 
bon ol c-er&B-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion * Squamous cell carcinoma and basal 
ceii carcinoma of the skin may contain protein, but it is not clear 

TABLE 11. c^erbB-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS* 



Tumor Type 

Hematologic malignancies 
Malignant lymphoma 
Acute leukemia 
Acute lymphoblastic leukemia 
Acute myeloblastic leukemia 
Chronic leukemia 
Chronic lymphocytic leukemia 
Chronic myelogenous leukemia 
Myeloproliferative disord er 

%hown as numbsr of oases wilh amplification (or overproducHonyiotal number of cases studied; reference Is 
given as superscript. All protein studies used knmunohtetochemlcal methods. 





fr-erbB-2 


c-erftB-2 




mRNA 


Protein 


c-eriWM DNA 


Over- 


Over- 


Amplification 


production 


production 


0/23"i 






0/9,57 0/3 107 


0/11 


0/1 5<" 


0/1457 






0/1107 






0/31*7 






0/1S57 






0/8«7 






0/8">7 






0/1 *r 
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TABLE 12. c-eroB-2 ACTIVATION IN HUMAN TUMORS OF SOFT TISSUE AND BONE- 



Tumor Type 



c-er 6B-2 DMA 
Amplification 



Sarcoma 0/1 0, 111 0/8 87 

Malig nant fibro us histiocytom a 0/1 " 7 



Liposarcoma 
Pleomorphic sarcoma 
Rhabdomyosarcoma 
Osteogenic sarcoma 
Chondrosarcoma 
Ewing's sarcoma 
Schwannoma 



Q/31W 
0/11W 
0/1 107 

0/2, 107 0/257 

0/1107 

0/1 » 

0/1* 7 



■Shown as number of cases with amplification (or overproductlon)/total number of cases 
given as superscript No studies analyzed for *erbB-2 mRMA or c-erf>B-2 protein. 



studied? reference rs 



whether the protein level is increased over that of normal skin » Thyroid 
carcinomas and adenomas can have low levels of increased oerbB-2 mRNA 
One abstract, described low-level c-erbB-2 DNA amplification in one of ten 
salivary gland pleomorphic adenomas.* 3 

Correlation of c-erf>B-2 Activation With Patient Outcome 

Very few studies have attempted to correlate c-erfcB-2 activation in non- 
mammary tumors with outcome. Slamon et al 81 showed that c-er&B-2 ampliBca- 
tion or overexpression in ovarian carcinomas correlates with decreased survival, 
especially when marked activation is present. However, they did not report the 
stage, histological grade', or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a correlation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade. " One abstract stated that c-eri>B-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-free interval™ Another abstract described a tendency for hmnunohisto- 



TABLE 13. c-erfcB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT 8 



Tumor Type 



Kidney— renal cell carcinoma 
Wilms' tumor 

Prostate— adenocarcinoma 
Urinary bladder-carcinoma 



oert>B-2 DNA 
Amplification 



1/5,67 1/4,107 o/5" 
0/4«7 



oeroB-2 
mRNA 
Over* 
production 



0/16 1 «" 



c~er68-2 
Protein 
Over- 
production 



0/2358 
1/48» 



•Shown as number of cases with amplification (or overproduotton)/totaJ number of cases studied; reference Is 
given as superscript. An protein studies used ImmunohlstochemicaJ methods. . 
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TABLE 14. c-*rb&-2 ACTIVATION IN MISCELLANEOUS HUMAN TUMORS- 



Tumor Type 



c-e/feB-2 
DNA 
Amplification 



c-erfcB* 
Protein 

c-erfcB-2 mflNA Over* 
Overproduction production 



-_SWnr^mallgnant.metanoma - 

Skin, head and neck — squamous 

cell carcinoma 
Site not stated — squamous cell 

carcinoma 

Salivary gland— adenocarcinoma 
Parotid gland— adenoid cystic 
carcinoma 

Thyroid— anaplastic carcinoma 
Thyroid— papillary carcinoma 
Thyroid— adenocarcinoma 
Thyroid— adenoma 
Neuroblastoma 
Meningioma 



0/7"» 



CV8, 8r 0/Z n 



1/1* 



0/1i 
0/5 1 
0/1" 
0/21 

0/35 « 0/9 0/1* 
0/2* 



~o/to»- 



0/161 



o/v 

3(low levete)/5i 
1 (low levels)/?' 



given as superscript Ail protein studies used ImmunoWstochemioal methods. 

chemical reactivity for o-ertB-2 protein to correlate with higher grades of pros- 
tatic adenocarcinomas Additional prognostic studies of ovarian carcinomas arid 
other neoplasms are needed. 



SUMMARY 



Activation of the c-erbB-2 oncogene can occur by ampMcation of c-erbB-2 
DNA and by overproduction of cerfcB-2 mRNA and*-erfcB-2 protein. Approxi- 
mately 20 percent of breast carcinomas show evidence of <*erfcB-2 activation 
which correlates with a poor prognosis primarily in patients with metastasis to 
axillary lymph nodes. Studies that have attempted to correlate c-eriB-2 activa- 
tion with other prognostic factors in breast carcinoma have reported conflicting 
conclusions The pathologic and clinical significance of c-eriB-2 activation in 
other neoplasms is unclear and should be assessed by additional studies 
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Sir. 

- L Audrey D. Goddard, Ph.D. do hereby declare and say as follows: 
1. Iam a Semor Clinical Scientist attheE^e^entalMedicine/BioOnco] 
Affairs Department of Genentech, Inc., South San Francisco, California 94Q80. 
. 2. Between 1 993 and 200 1 , 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of foe chromosomal localization of novel genes. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A), 



SerialNo.:* 
Filed: * 



4. I am familiar with a variety of techniques known m the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PCR (ie., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et at. Biotechnology 10:413-417 (1992) (Exhibit B); Livak et 'aL PCR 
Methods Appl;, 4:357-362 (1995) (Exhibit C). and Heid et [aL, Genome Res 6:986-994 (1996) . 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et dL.- Proc. 
Natl. Acad Set TTSA 95(25>i4717-14722 -(1998) (Exhibit E); Pnti et a/;, Nature 
396(6712):699t703 (1998)(ExMMtFja 

G), the first two of which I am co-author. In particular, Pennica et aL have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et aL studied the genomic amplification of a decoy 
receptor for Fas ligahd in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et al. used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PCR technique is 
ieclmically sens^ copy number relative to 

control, K is further my considered scientific opinion mat an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-timior) sample is sigmficant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by me TaqMan PCR 
technique as adiagnostic marker for foep^^^ 

pathology: Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 



; 8. I declare further that all statements made herein Of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with foe knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both^ under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. . 
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South San: Francisco, CA/9408Q 415,841,9154 

650.225.6429 415.819,2247 (mobile) 

gpddarda@gene.com agoddard@pacbeil.net 

PROFESSIONAL EXPERIENCE 

Genentech, Inc. 1993-present 
South San Francisco, C A 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOneology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 
Acquisition of clinical samples from Genentech's clinical trials for translational research 

• translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 1i Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 
> Application of pharmacogenomics in clinical trials. / \ ■ 

1998- 2001 Senior Scientist 

Hiead of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

Management of a laboratory of up to nineteen ^including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $75QK budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993 -1998 ; Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research ; 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research • 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High (throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

■ Research:. • : : ;\ ' " .•* '.\ 

• Genomic sequence scanning for new gene discovery. 
Development of signal peptide selection methods. V 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89 -12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocyte leukemia • 
translocation breakpoints on chromosomes 17. and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERQ Summer StMdent 

• In vitro metabolism of p-naphthoflavone in C57BI/6J arid DBA mice 



EDUCATION 

£!ll D " , L '~ : „ . r t ' • University of Toronto 

Phenotypic and genotyprc effec s of mutations in TorQntb ' 0ntarj Q n tf 1 g89 

f^t^^ Department of Medical . 

Supervisor: Dr. R. A. Phillips Biophysips. 

Honours B.Sc \ McMaster University, 

"The in vitro metabolism of the cytochrome P-448 Hamilton^Ontario, Canada. 1983 

- inducer p-naphthoflavone in C57BL/6J mice." Department of Biochemistry 
Supervisor: Dr. G. D. Sweeney 
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• Imperial Cancer Research Fund Postdoctoral Fellowship 1989-19912 ' -. 

Medical Research Council Studentship 1983-1988 

NSERC Undergraduate Summer Research Award 1983 

Society of Chemical Industry Merit Award (Hons. Biochem.) . .1983 

Dr. Harry Lyman Hooker Scholarship 1981-1983 

J.L.W. Gill Scholarship . j : .1981-1982 

Business and Professional Women's Club Scholarship .1980-1981 

Wyerhauser Foundation Scholarship ^ 1979*1980 



INVITED PRESENTATIONS 

Gerientech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes, functional Genomics: From Genome to. Function Litchfield 
Park, AZ, USA. October 2000 

, High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL/USA February 
■ 200O • ; • ' . . 

Quality, cpntrbl in DNA Sequencing: The use of Phred and Phrap. Bay: Area Sequencing 
Users Meeting, Berkeley, CA USA April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
^Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting; Berkeley, CA, USA May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations, in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meetingi San 
Francisco, CA, USA. October, 1996 : ; 

.. Growth hormone (GHj receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of the 
Endocrine Society, Anaheim, CA, USA June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocytic leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Itaiy. October 1991 
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PATENTS ; • 

Goddard A Godowski PJ, Gurney AL. NL2 Tie ligand homologue polypeptide Patent 
Number: 6,455,496. Date of Patent Sept. 24, 2002. 

Goddard A, Godowski PJ and Gurney AL. NL3 Tie ligand homologue nudeic acids. Patent 
Number, 6,426,21 8. Pate of Patent July 30, 2002. 

Godowski P, Gurney A, Hillaii KJ, Botstein D, Goddard A, Roy M, Ferrara N, Tumas D. 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number 6,41 37 770 Date of 
Patent: July 2, 2002! 

Ashkenazi A, Fong S, Goddard A, Gurney AL, Napier MA, Tumas D, Wood Wl. Nucleicacid 
encoding A-33 related antigen poly peptides. Patent Number: 6,4.10,708: Date of Patent- 
Jun. 25, 2002. : '- ' •• ."• 

Botstein. DA Cohen RL, Goddard AD, Gurney AL, Hillan .Kj, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood WL WISP polypeptides and nucleic acids encoding same* 
Patent Number 6,387,657. Date ofPatent: May 14, 2002. * 

Goddard A Godowski PJ and Gumey AL. Tie iigands. Patent Number: 6,372,491 Date of 
Patent: April 16, 2002. 

Godowski PJ, Gumey AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number 6,350,450. Date of Patent: Feb. 26, 2002. . 

Fortg S, Ferrara N, Goddard A, Godowski PJ, Gumey AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number 6,348,351. Date of Patent 
Feb: 19, 2002. 

Goddard A Godowski PJ and Gumey AL! Ligand homologues. Patent Number 6,348,350 
pate ofPatent: Feb; 19, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A Treatment of partial growth 
hormone insensitivity syndrome: Patent Number: 6,207,640: Date of Patent March 27 
2001, ' • •;' 

Fong S, Ferrara N, Goddard A Godowski PJ, Gumey AL, Hillan K and Williams PM Nudeic 
acids encoding NL-3. Patent Number 6,074,873. Date of Patent June 13, 2000 

. Attie K, Carlsson LMS, Gesunheit N and Goddard A Treatment of partial growth hormone 
insensitivity syndrome. Patent Number 5,824,642. Date of Patent: October 20, 1 998 

Attie K, Carlsson LMS, Gesunheit N and Goddard. A Treatment of partial growth hormone 
insensitivity syndrome. Patent Number 5,646,113. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dawd P, Gu Q, Erickson S t Goddard AD Comparative sequence analysis ot 
the HER2 locus in mouse and man. Manuscript in preparation. 

AbUzzahab MJ t Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
, K3F-1 receptor mutations resulting in pre- and. post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie; M-H, Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L f Hilten K, 
Yansura DG, Vandlen RL, Goddard AD and GurneyAL FHFR, a novel receptor for the . 
\ fibroblast growth factors. Manuscript submitted. 

Adams SH, Chur C, Schilbach SL. Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Cblman 
S., Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 135-142. : 

Lee J. Ho WH. Marupka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor hbmolog IL-17RM : , Journal of Biological Chemistry 276(2): 1660-1664. 

Xte MrH f Aggarwal S, Ho W-H, Foster J, Zhang Z, Stinson J, Wood Wl, Goddard AD and 
GurneyAL (2000) Interleukin ()L)-22, a novel human cytokine that srgnals through the 
Jnterferon-receptor related proteins CRF2-4 arid IL-22R. Journal of Biological Chemistry 275: 
51335-31339. . " /•: > 

Weiss GA, Watanabe CK, Zhong A, Goddard A arid Sidhu SS: (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning: Proc. NatL Acad. Sri US A 97: 
'8950-8954.' 

. Guo S, Yamaguchi Y, Schiibach S, Wada T ? ;Lee J, Goddard A French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nafu/e 408: 366-369. 

Yah M, Wan£ L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vbs AM, Gao WQ, Dixit 
''. YM. (2000) Jwo-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors: : 

SeW PDVTai JTN f Hillan KJ, Brown LA, Goddard A, Yang R, Jin K and Lowe DG. (2000) 
Application of cDNA mlcroarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury! Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A, Neuron 24; 555-566. - 

Stone D, Murone, M, Luoh, S, Ye W. Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, d e Sauvage FJ and Rosenthal A.. (1999) Characterization of the human suppressor of 
fused;, a negative regulator of the zinc-finger transcription factor GIL J; Cell Sci: 112: 4437- 
■ 4448. ■ 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A, Vagfe A,,Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A:L (1999) FGF-19; a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. 
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Yan M f Lee J, Schilbach S, Goddard A and Dixit V. (1999) mE10, a novel caspase- 
recfuitrnentdomain-containihg proapoptotic molecule. J. Biof. Chem. 274(1 5); 10287-10292. 

Gumey AL, Marsters SA, Huang RM, Pitti RM, Mark DT, Baldwin' DT, Gray AM, Dowd P, 
Brush J, Heldens S, Schow P t Goddard AD, Wood Wl, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrpsis factor family and its 
receptor, a human ortholog of mouse G1TR. Current Biology 9(A): 215-218. 

Ridgway JBB, Ng E, Kern JA ,Lee J, Brush J, Goddard A and Carter P. (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumorcell lines. Cancer Research 59; 2718-2723: 

Pitti RM, Marsters SA, Lawrence DA, Roy M, Kischkel FC, Dowd P, Huang A; Donahue CJ, 
Sherwood SW, Baldwin DT, Godowski PJ, Wood Wl, Gumey AL, Hillan KJ> Cohen RL, 
Goddard AD, Botsteiri D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer, Nature 396(6712): 699-703. 

Pennica D f Swansbn TA, Welsh JW, Roy MA, Lawrence DA, Lee J, Brush J, Taneyhill LA, 
Deuel B, Lew M, Watanabe C, Cohen RL, Melhem MF, Finley GG, Quirke P, Goddard AD, 
Hillan KJ, Gurney AL, Botstein D and Levine AJ. (1998) WfSP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors. Proc. Natl. Acad: Sci. USA: 95(25): 14717- 
14722. ;:; 

Yang RB, Mark MR, Gray A, Huang A, Xfe MH, Zhang M, Goddard A, Wood Wl, Gumey AL: 
and Godowski PJ. (1998) Toll-like receptor-2 mediates lipopolysaccharide-induced cellular 
•signalling. Nature 395(0699): 284-288. 

Merchant AM, Zhu Z, Yuan JQ, Goddard A, Adams CW, Presta LG and Carter P. (1998) An 
efficient route to human bispecific IgG. Nature Biotechnology 16(7): 677-681 . 

Marsters SA, Sheridan JP, Pitti RM* Brush J, Goddard A and Ashkenazi A. (1998) 
Identification of a ligand for the death-domain-contaihing receptor Apo3. Current Biology 8(9): 
.525,528. *■;/;/; 

Xie J, Murone M, Luoh SM, Ryan A, Gu Q, Zhang C, Bonifas JM; Lam CW, Hynes M, 
Goddard A, Rosenthal A, Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-^ 

Marsters SA, Sheridan JP, Pitti RM, Huang A, Skubatch M, Baldwin D> Yuan J, Gumey K 
' Goddard AD, Godowski P and Ashkenazi A. (1 997) A novel receptor for Apo2L/TRAIL 
contains a truncated death domain. Current Biology. 7(12): 1003-1006. 

Hynes M, Stone DM, Dowd M, Pitts-Meek S, Goddard A, Gurney A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger trahscription factor Glh1. Neuron 
19:15-26: 

Sheridan JP, Marsters SA, Pitti RM, Gumey A., Skubatch M, Baldwin D; Ramakrishnan L, 
Gray CL, Baker K, Wood Wl, Goddard AD, Godowski P, and Ashkenazi A. (1997) Control of 
TRAIL-lnduced Apoptosis by a Family of Signaling and Decoy Receptors. Science 277 
(5327): 818-821. 
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Goddard AD, Dowd P, Chemausek S, Geffner M, Gertner J, Hintz R, Hopwood N, Kaplan S, 
Ptotnick L f Rogol A, Rosenfieid R, Saenger P, Mauras N, Hershkopf R r Angulo M and Attie, K> 
(1997) Partial growth hormone insensitivity: The role of growth hormone receptor mutations in 
idiopathic short stature. J: ^ Ped/afn 131: S51-55^^^ . > 

Klein RD, Sherman D, Ho WH, Stone D, Bennett GL, Moffat B, Vandlen R, Simmons L, Gu Q, . 
Hongo JA, Devaux B, Poiilsen K, Armanini M, Nozaki C, Asai N, Goddard A, Phillips H, 
Henderson CE, takahashi M and Rosenthal A. (1997) A GPMinked protein that interacts with 
Ret to form a candidate neurturin receptor. Nature. 387(6634): 717-21. 

Stone DM, Hyries M< Armanini Stoahson TA, Gu Q, Johnson RL, Scott MP, Pennica D; 
Goddard A, Phillips H, Noll M, Hooper JE, deSauvage F and Rosenthal A. (1996) the 
tumour-suppressor gene patched: encodes a candidate receptbr for Sonic hedgehog. Nature 
384(6605): 129-34. ,\'. 

Marsters SA, Sheridan JP, Donahue CJ, Pitti RM, Gray CL, Goddard AD, Bauer KD and 
Ashkenazi A. (1996) Apo-3, a new member of the tumor necrosis factor receptor family, 
contains a death domain and activates apoptosis and NF-kappa Current Biology 6(12): 
1669-76. • 

Rothe M, Xiong J r ShuHB, Williamson K, Goddard A and Goeddel DV. (1996) l-TRAF is a 
novel TRAF-interacting protein that regulates TRAF-mediated signal transduction. Proc, Natl: 
' Acad. ScL USA 93: 8241-8246. • 

Yang M, LuohSM; Goddard A. Reiily D, HSnzel W and Bass S. (1996) The bglX gene 
located at47.8 min on the Escherichia coli chromosome encodes a periplasmic beta- 
glucosidase. Microbiology 142: 1659-65. 

Goddard AD and Black DM. (1996) Familial Cancer in Molecular Endocrinology of Cancer. 
; Waxman, J. Ed. Cambridge University Press; Ciambridge UK, pp.1 87-21 5. 

Trearior JJS, Goodman L. de Sauvage F, Stone DM, Poulson KT, Beck GD, Gray C; Armanini 
MP, Pollocks RA, Hefti F, Phillips HS, Goddard A, Moore MW, Buj-Beilo A, Davis AM, Asai N, 
Takahashi M, Vandlen R, Henderson CE and Rosenthal A. (1996) Characterization of a 
receptor for GDNF: Nature 382: 80-83. 

Klein RD, Gu Q, Goddard A and Rosenthal A (1996) Selection for genes encoding secreted 
proteins and receptors. Proc. NatLAdad.ScL USA 93: 7108-7113. 

Winslow JWi Moran P, Valverde J, Shih A, Yuan jQ, Wong SC; Tsai SP, Goddard A, Henzel 
WJ, Hefti F and Caras K (1995) Cloning of AL-1, a ligand for an Eph-related tyrosine kinase 
, receptor involved in axon bundle formation. Neuron 14: 973-981 . 

Bennett BD, Zeigler FC, Gu Q, Fendly B, Goddard AD, Gillett N and Matthews W. (1 995) 
Molecular cloning of a ligand for the EPH-related receptor protein-tyrosine kinase Htk. Proc. 
Nail. Acad, ScL USA 92: 1866-1870. 

Huang X, Yuang J, Goddard A, Foulis A, James RF, Lernmark A, Pujol-Borrell R, 
Rabinovitch A, Somoza H and Stewart TA. (1995) Interferon expression in the pancreases of 
patients with type I diabetes. Diabetes 44: 658-664; 

Goddard AD, Yuan JQ, Fairbaim L, Dexter. M, Borrow J, Kozak C and Solomon E. (1995) 
Cloning of the murine homolog of the leukemia-associated PML gene. Mammalian Genome 
6:732-737. ' -V • 



Goddard AD, Covello R, Luoh SM, Clackson T, Attie KM, Gesiindheit N, Rundle AC, Wells 
JA, Carlssdn LMTI and TTie Growth Ho^ Mutations of 

the growfr honrione receptor m 
1093-1098, rS;y<, }\ 

. Kuo SS, Mbran P, Gripp j, Arimanini M, Phillips HS, Goddard A and Caras IW. (1994) 
; Identification and characterization of Batk, a predominantly brain-specific non-receptor proteia 

tyrosine kinase related to Csk.^ 

! Mark MR, Scadden DT, Wang Z, Gu;Q, Goddard A and Godbwski PJ. (1994) Rse, a novel 
receptor-type tyrosine kinase with homology to Axl/Ufoi is expressed at high levels in the 
brain. Journal of Biological Chemistry 269:10720-10728. ; 

; Borrow J, Shipley J r Howe K, Kiefy F, Goddard A, Sheer D, Srivastava A, Antony AC, 
Fioretos T, Mitelman F antf Solomon E. (1994) Molecular analysis of simple variant 
"trans^ 

Goddard AD and Solomon E; (1993) Genetics of Cancer. AdtA Hum. Genet 21: 321-376. 

Borrow J, Goddard AD, Gibbons B, Katz F, Swirsky D, Fioretos T, Dqbe I, Winfield DA, 
Kingston J, HagemeijerA*: Rees JKH, Liste^ AT and Soiomon E. (1992) Diagnosis 
promyel^^ 

i . transcripts; Br. J. Haemato/^82:529-540v^^\/^ '^^^^^ . : 

Goddard AD, Borrow J and Solomon E. (1992) A previously Unc^racterized gene, PML, is 
fused to the retinoid acid receptor alpha gene in acute promyelocytic leukemia. Leukemia 6 
■:• S^pi3:117S-113S;J ^>^/ : y{\. 

Zhu X, : Dunn JM, Goddard AD, Squire JA, Becker A, Phillips RA and Gallie BL (1992) . . 
Mechanisms of loss of heterozygosity in retinoblastoma.. 

Foulkes W, Goddard A. and Patel K. (1 991 ) Retinoblastoma linked with Seascale [letter]. 
British Med; J. 302: 409, v \ ? " 

Goddard AD^ Borrow J, Freemont PS and Solomon E. (1 991) Characterization of a novel zinc : 
finger gene disrupted by the t(1 5; 17) in acute promyelocyticleukemia. Sc/encd 254: 1371- 

■ 1374. ••' :. ... • ■:■•/ \. \ • v - • • 

• Sofomon E, Borrow J and Goddard ADi (1991) Chromosomal aberrations in cancer. Science 

^";'.W 254; 1153-11 6d: ; • ./"V 

Pajunen L, Jones TA, Goddard A, Sheer D, Solomon E, Pihlajaniemi T and Kivirikko KIV 
, (1991) Regional assignment of the human gene coding for a multifunctional peptide (P4HB) 
acting as the p-subunit of proIyl-4-hydroxylase sand the enzyme protein disulfide isomerase to 
17q25. Gytogenet Cell: Genet 56: 165-168. 

Borrow J, Black DM, Goddard AD, YagJe MK, Frischauf AM and Solomon- E. (1991) 
Construction and regional localization of a Npfl linking library from human chrornoso 
Genpm/cs.10: 477-480. 

Borrow J, Goddard AD, Sheer D and Solomon 

promyelocytic leukemia breakpoint cluster region on chromosome 17. Science 249: 1 577- 
' \ . " .1580. . . - * : . \ 
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Myers JC, Jones TA, Pohjolainen E-R, Kadri AS, Goddard AD. Sheer D' Solomon E and 
: Pihlajaniemi T. (1990) Molectflar cloning of 5(IV) collagen and assignment of the gene to the 
region of the region of the X-chromdsome containing ithe Alport Syndrome locus; Am J Hum 
v'-'-.. Geoef. 46:1 024-1033. rv ' • 

. Gallie BL, Squire JA, Goddard A, Dunn JM, Canton Mi Hinton bi .Zh^X 'and Phiilips RA. 
• •• • (1990) Mechanisms of oncogenesis in retinoblastoma. LabJnvest. 62: 394-408. 

, Goddard AD, Phillips RA> Greger V, Passarge E, Hopping W, Gallie BL and Horsthemke B. 
(1990) Use of the RB1 cDNA as a diagnostic probe in retinoblastoma families. C//n/caf 
;: -.; Genetics 37: 117-126. -V : ' -V- •• ;;.V; 

Zhu XP, Dunn JM, Phillips RA, Goddard AD, PatonKE, Becker A and Gallie BL (1989): 
Germline, but not somatic, mutations of the RB1 gene preferentially involve the paternal 
allele. A/afure 340: .31 2-314. ' 

Gallie BL, Dunn JM, Goddard A Becker A and Phillips RA (1988) Identification of mutations 
in the putative retinoblastoma gene. In Molecular Biolodv of The Eve: Genes. Vision and 
Ocular Disease . UCLA Symposia on Molecular and Cellular Binlngy Now Rorioe 
J. Piatigorsky, T. Shinohara and P.S. Zelenka/Eds. Alan R. Liss, Inc., New Y0rk r 1988, pp. 
: ;•; . 427-436. \ \ " " . 

Goddard AD, Balakier H, Canton M. Dunn J, Squire J, Reyes E, Becker A, Phillips RA and 
Gallie BL: (1988) Infrequent genomic rearrangement and normal expression of the putative 
RB1 gene in retinoblastoma tumors. Mol. Cell. Biol. 8:. 2082-2088., 

Squire J, Dunn J j Goddard A, Hoffman T, Musarella M, Willard HF, Becker AJ, Gallie BL and 
Phillips RA. (1986) Cloning: of the esterase D gene: A polymorphic gene probe closely linked 
to the retinoblastoma locus on chromosome 13. Proc. Natl. Acad. Sci. USA 83: 6573-6577. 

Squire J, Goddard AD, Canton M, Becker A, Phillips RA and Gallie BL (1986) Tumour 
induction by the retinoblastoma i mutation is independent of N-myc expression. Nature 322: 
555-557. .- ' ■ 

■ Goddard AD, Heddle JA, Gallie BL and Phillips RA: (1985) Radiation sensitivity of fibroblasts 
of bilateral retinoblastoma patients as determined by micronucleus induction in vitro: Mutation 
Research 152: 31-38. ' ' 
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itwmtoring fef a *GR itt projg^^^^ I 
^peistridifi^oi^meter ana '^^^^1^^^ -M*.. 



m6iiitpni\g 
tive and fal 
taiget roolet^les, 

ftuoft^ceuce % a>$*e^^^ 3^1, 
re?dfe due to, fe^ . 



^ ^ . ... If^ 

Ltzseoudtio^ asf^e^^ 





o 



o. 



^^^ aod the cml$flQ^«^jal .il^x^^^ ^puiaidgm 





....... ,.j*BBm 

6 * fhfr, ^ 




.. ^a^^:^S^94. ''v.;..,. 

poly mfti^t rq^tft&$^ rprtxfycta l^l^^pcrformajK*;iiqui^ diro- 



It* ^^^^^^^^^^^^^^^^ ^^ ^^^^^ ^ ^ 
... ^^^^^^^^^^^^^^^^^^^^ 



1901.', Dttfigjqb ;<lf 




■&.Wmmmm e , 




; 






The rftoleculejs expressed on thevejarfaee of JBt offers arvEUSft for quantitative, ^termination- of 

monocytes and .some maoropftages, Merjri^rane- soluble 4; in ^ cell-Gultiire 

bound 00-14 a t$c&$Xarfor Iip^potys^chartde supernatants arid t>ther biologi^af -fl^s; 

(IJ^ cojtiple^ Assayfeattires? 12x8 determinations 
concentration of its. soluble 'f^4$\^f^' -tfa^ (rniproflter strips), 

certain pathologieal oondifidns there is evidence for' precoated with a specifier 

an important role of : sp}4^ moncwlgnal antibody, 

burtdhgs and iriflarrttnatipris. ixtftp^incubat^. 
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•^%ljQrai9fif.nep.uS assay for detecting 
!ftie accaeattlajd^br softie PGR pidd- 
v«Ct that jusgs a dQubl^iabeled ftooio- 

'*r*u..~. • • J ■ ^ ■ ^.i- ■ . / — . ■ — :•. ^ M £. ■ '• 



^ £43 UNA 





Th^* f nuclease PCR assay detects the 

b&tym&T^pn agfct cfeav^ge #f a 
double-labeled fluorogenlc probe 
during ttie ar^ffll^^^ 

to mm %t6fa&^d tim 

uudeot.de compared wrtfji 

pr#e| ;«tNfr qil^ticher dye aj^ 
Ucked to the 

to the £' *itg. All Intact probes 
•sJh^&iJ: quenc^Jrtg of the reporter 

the/cjuencher dye attached to the 3'- 
^ridtftfd^ 

harantfbe # riucle^ P<& assaythan 

the intt^^ is 

propoired H$ & larger signal is 
j»^€|N%- Incased lifcenhood ©r 
deavage b> Tog 6nA polymerase 
Trying *tte pnrtfe h hybrldtzed to a 
template strand during PCR. Probes 

**** ^^liMe^ite 

an Increase Jrt reporter fluorescence 

Jr^nilt^ 
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fts floor^eirj(t eipissioi? will Jh£ 
^ueijched if: the t h&6&$tit vis clos e 

C£sl ot flu'Qre$<2erice energy transfer 
(P^^VDiiripg PGR, if me^ob^y, 

pdlySietase *y>it cl^ve the prpfee fee- 
ditise d| 4 f^ iribei?e0t 5'^ S^iMlcle^^Ae' 
$etiv%; a fre d'eavage; ^curs between 
the tf uprescdn arid r hod^iiiihe dyes, it 
causes an in%ease In fluorescein fiuOj^ 

flyot&^ri fl|<0re.$cence inlenii|ty 
ha>%een|^^ 

:xejporter %e gueneker dye is ctiti 
llfte^pi^c^ of the,p^bbe:ln 

<feep<p^;fe^ 
; &fr jptW^ i>l tfie two ] 

* a^'f <-^^e^*o^u^r^i^[e^^dy^^inUyS;t, be^' 




PC^ass^^rthen^ 

tyr% ojl^ri^e is not^^ 

softie jeducMon in quenching. (^Ugoti^ 

d4|tides With a ^i^ptter dye bfi^ff': 

end arid a, gu:encbe^ dye" t>fi Jire 3^^^ 

^fbit a jnluc±]t J3^|^^c^^i^ 41^c>jre?s- 

cense *yfren djMbie^fl^fef a^ 

Jttaj^lt^dssl^ 

tectiori of nucleic aelfl h^HcUzation ^ 



Oligonucleotides 



Table 1 shows^ tbe nucleotide i^tienee 
of ^e oj^pnudtetid^ 
stt^iy. tiikejr aim n^&tode 
jphbspftoja^dite way 4btalned> 

^hora^niifttes, ^^^^uOre^ii ^ 
#M) ^hosphoramWitt, 6^caibd^ytet- 
-^eth^lrh^n^e 
fFAKJftA ,NHS ttter), and thoipKa^Ue 
tor attaching a 3^1^^ ph^sp^ 
rwere Qbltairiea from' pe/kin^Elm^ >Ap- 
jelled ^io^jtems Division. ©ligtfHude^ 
otids synthesis was vperforrned uslngv an 

mp^el 3fS^I)^s^ 
Bio^st^rris) /Prirjier and cp^Iernejit 
oifepjrludeigftiaes were purified using 

h s^tiies^^ ^AM^Iabeied pltos- 
;;$M^i^ 
o^f^^^M^^W^a^ 



PC« Methods and AnttHcetHnnt » <7 



3- 



Forward 

^ .JPffrV^Bf.. 



StraM^disptacement 



Prfijfresf 



5'« 

3T- 



ml 




5?— 



raff/ 



f?olyi^eri2Mfon;cdmpIeted 



6 n, i -, 



mGUBi l Diagram of 5' Uttyea^as^;!^^ 



ona- 



1104 Na4>i^art>onate t>uifer (pH #;0> at 
room temj>erature Onrea^ed <fye 3yas 
i^ov^^ 

ideac cohimri Finally, Ahe doubie4abeJed 
probe w^s purff|ea by preparative hig^ 
performance liquid ' c^rpiftaf^tapfty 
,u$^ an A^apore 220X4!^- 
inm column with 7-p,m particle size The 
column was developed with a 24-min 
linear gTa<4ient ot &~20% acetonitrile in 
0.1 u (Wett^lainUie acetats), 
Probes are : named by^esl^ating -Ihf 



gene taui^ddes 2|£fe2435 in #ie 

*tis 

ai^Med uSii%:piime^,A^P and ARP 
(Table j& whix& axe m^Be4 slightly 
iro^n^s^to 

plification reactions contained ^ ittM 
5<3f n#Al w AS ^^be, and 300 nU each 



TABLE 1 S^^^Ml^^^^^^^^ 



the LW-T/W^RA rnoiety Fdr eaamoie, 
pripjbe A1^7 has 'sequence Al witfi ii&l- 



5' end: 



PCR Systems 

All PC31 amplifications were performed 
In fteJ^ian-$^ 

iwn ^OCV u5iX^ 50-ftl reactions that con- 



$rtasmid^t^ 
t>NA <riu^§dtJ^^ 
serte^uj the -$iH$$!^ 
tfieie - teftogons ; ^l^hM ^ §fe 
Ihfcofp^ 

nw primer RH# lE^EfegtJe^^ 
was (2 n^),4s?C <«0 ro^B Cy- 
cles of 9S 6 e (20 sec) f s^c: (t t^ f md 
holdat72 6 G. > 



Fluorescence Detection 

F0* each amplifioaeon^ r eactitm,,?^^! 
al^uot^f a sample >^a^^^ 
Individual v^l^^ 

titer plate- ^rld^^teierj; -Flublr^elite 
waiineasured on the 3Nrfcin fcfmei 
Man l&StiB Sysfetf; ^ whj^ c^n^^^Sa 
luminescence :§pecttQmeter with plate 
readetasseja^^ 
^^a 515^^^ 
Uon jvas. a$ 485 nnx uljjaj| a S^dfe ^Ht 
width, ^toJSslOiJ wai tne^^e^fat Sifrv 
nrh for 6$^«t^ 
^dS82ito^pi^^ 
^ value) usihg a l^nj^ j^%^ tb 
de^termine the lncrfe^e iti^reporfei emlsr 
sioh that i$ caused by deiavag# of the 



are applied to tb.e raw^ enfu^ibh data. 
Firsts emission intensity of a buffer blank 
is stibtrac^ed 4c>r ea^i waveli^fci Sec- 



Name; 



Sequence 



F119 

>2 

BC, 
P^ 

P5C 

ARP 
Al 
AlC 
A3 
A3C 



primer 
primer 

GOmplement 

complement 
prloier ; 
1?ni^er 

ient 



AT<3IC&^<^ . 
CGGATTO^^ 



TGAdCX^eACp-^feg^CTACdA 
AC 




■. F" 



A1-2 
Al*7 

A144 ":"Mm, 

At*22 
A1>& 



no temp. ;> + fe tp& 



582 nm 



ARC 



A1-2 65S*^1 3£7±19 38,2 ±3:0^ 3B.Z£$0 ^001 0&*6 v Qi5: 01.0&0Q6 

5$^ ±4.3 afo$1*2U4 t^S±63 11Gi3±«.3 .440 * OX^ 3;Q9±0J8< 

At-1<4 iJ27v6±4^ 403,5*19.1 1P9^± 5^, S3;1 ±.6;3 ' : m £M&$/. i&lig&iQ? 

Ai<tS.l 487^17,9 4&.?±*X *q<3±7/4 T&O^i* : ';i6^^ 

A1r^2. 22*6*9.4 4g2L2±43,6 100,0 ±4.0 . " ££03 6.02± 0V11 £77±ai2 

A1^6 1$#2±%* 4^Uf8:4 931± M ga* : *3* jJ^feJUg ; ,&Dt i <M® v ,**»iWjB 
HGURE 2 j&j^'&ajt 5' pucfei&e assay c<?t 



Heporte<l values afc thefcverage±l s.b fefrsixTeactipris rtiii : wffeut ^ded^eltoftlate (no temp) 
and^teaedipas ^ vftte t^pjate C*temp) 1lxe^R(i 1^6 >^ 



^Mded by the emission intensity of the 
tji^ciietft^^^ 

teacsd^*^ Ttij^^i^riatoe* for *?eiW 

tipak and ^uSigaaiacfe. mesasutemem, Fl> 
tally, iiW^is- calculated by ijubtjcacting 
tfet* ft<£ value of ihe^^template control 
" (R&Tl toni the RQ valpe £br the com- 
plete reaction including ternplate 

im* y. " " " ' 

; A series of probes with inereasing ;<lis- 
tantes between the-flubrescelri rept>it?t ' 
andrhodatt^e qutocher were tested to 



spacing that would give an acceptable 
r^formance to tJhe 5^huclfease PGR as- 
say, Tfcese probes hybridize to a target 



s^eince in the hurnaft fc#tiit gene; 
F%irV^^^ 

Trt e^ in ^^.Mi^y^l^^^i^i^ 
4ftke$4^ 

sequence. Eerfprma^nce to ik|B 5' wi-. 

clease PGR :as^-&^ 

inagrri^cjl^ is a measure 

caused %0 arfipllficatlon , of the 
-^^•t^|^'^^Al^-&^^ AR^value 
iliat is efose;to aejt^f indtc^rlM that ^e 
prO%^$ not ^eay<& 

^eSts that $^ tft^ 

iecc^ti^^ epd>tii^r:e 

fc tn^ufflcieht room for r^lyinerase 

tocl£ay$e& 

and ^e^bier; TOi ouxer: ilye probi^.eXr 
hibited cornpatabie A RQ values that*re 



t^^ttor^«^ 

to ppbj&i fl#ar^^^ 



l^rnajprity of i^bj^ 

Mci£aved> It lS ;maji^7ter #is real<Sri 

th^t *h£ ^ote^opGi^ tntenStty ^ 

arnpjlft^tibri dfcihe tfrj^t Thi$is^fiat ,. 



reading as a normalizau^On fector. 

We magnitude 61 RQ~ depends. 



.pr^ ajo4 ^tMid^ 
oti^ TOus^ tr^lar^r ^M^^i?«laes 
. aterfeatptpbesAl^ 
A^^6at>iy 

as ^m^ted vdth |ttl)^e4^^ 
0f gueriiElilpg i& ^ti^efrt to ^^ot ^ ; 
tdghly ^^IjS^t liris^ea^es to r^or^er 
guoreSei^^ Wheii ^a&;dt 
^ c^v^i during 

tiT^r^S^^ tto^ lidctlttpnal Jfiafe of 
prjSj^ were ^st^d ^^tie S' nu^^ase 
P^R assay, For one r^t^faas 

;f AMRA Attached to ak internal rlucl^ 
Qtt^;arid^^^^5 1j$M5A:a%died 
to^lhfc jnicleotid^ Thet«ulteare 
s^p^iitT^fe 2. f&t itt t^ee ietj, the 
probe Mth the 2' quencher exhibits a 
5 :^fet value tfcat is ^risWera% ^Bj^her 
J^viffer ^ gtcfe^ wtth ^ifilSB^l 
^uetidher. Vkt iCT <v^u^ suj^^ ^ 
differences in ipienci^g ai3e n0t a$ great 
^ft^se ^ ^tit some of ^fre 41 
pr^bei^^ese result^ 
qUj^^r: dy^ on 0e 3' etid df an dlijgo- 
nucleotide cart qutoth efficiently Ihe 



TA6LE 2 Results of 5' Nuclease. Assay e^mparing Probes; With TAlytRA Attached to m Mernai qz 3 -terminal Nucleotide 



518 nm 



temp* 



ftp temp. 



RQ + 



A3^4 

P2^7 



fei*2i$ 
82,8 ± 4.4 



384 0 ± 34 I 
S5£4± 141 : 



4fc^:4.0 



'v^;a-33 ... 

120.4 A 10^ 
. >itl^fc 



^4f±jD^ 

q7?±0ite 



4:68 ^0M 





<M-& this *)#e of/jli^n^qdcfeto 
fe*Ke4a$ aptotein ^e5' nud£as^£CR 
aaay* . . . 

T4^t|heh^^fe that #^$ja£ 

of the; oli#ft&i^^ 

^ "f&r pi0W Utt &e Single- \ 
land doiible^uanded states, Tar 
fete ^;^6^'t^'&^^^k^ '&X#€iv$A. 

Th^ r&ative degree 
of ^ir^Mag is assessed tiy caiqulattng 
tfce RQ ratipY Ec* probes with TrAMfiA 
6*10 imdeoiides&ora the 5\end/ thete 
: feiMW!^&eAi($:lathe R^va}ttfes>>vhen 
<&nj^r^:s^ 

straaded oilgcmucSgQlides. The restilts 
(pi grobies WFtft ^^^t th£ end $fe 

hy- 

trtdlzation >fc* 4; ^m|>iemehta^ strand 

ptofepscTthat this Ipss of qM^ching is 
caused h| fe^ tigLd structure 0f double 
strained Wfa ^fticfc prevent the 5 • 
arid 3' en<& from being iri prdsftrnlty, 

end, there ^ a i$arl;^d-M^ ef&let ont * 

s^^lR* vatUes forrfhe series of 
. pirobes^af^ coftc^titi^ 
aptU 'With TAMiRA attached near the 
end(0^^ &e Rvalue at 

a M ^ is only slightly; higher than 
iRQjft iO rifti H^N For probes Al-t^ 
A14&, andAl^,the4Q values at 0 tt>W 
Uf+ are vei^ high, irtdieattrig a much 



TABLE 3 Comparison of Flubrtes<ence Emissions of Single-si 
l^ubl^straAded ttuprogenic Probes 



a gradu# tfecllri^at 
coh^ti^ttoris^ln ^ iQw^saftea' 
yirOhffiehfcy^^ 

gie-sjtrajftdeci ^i^na^edff<fe % ^0Ult hi 
ejqpe<Aeckt6 afdopt an- exteicufeci <&rtfp^ 

$lon. fte hi Win^oi Mg 2 * ions acts tq 
shield the n^gatSW charge of the phos- 
|ihate .backbone so I hat -itfe ol^dnuele^ 
ohde can addpt confoftnattqns whefce 
the 3 ( end is clpse to the 5' ehdv thgx^ 
fore/ te o1>$$l[Ved ^ M^^ effe^ support 
the riptidn ^h^' ! ^^ti^^ a $ f re- 
porter dye by TAmB^A at or near the 3' : 
^d d^ends 6ii*^exiblflty of theoh- 
•^riti^eQttde. ; 

DISCUSSION / 

J Jfce s^^ng todi^^. of this sjiutfr is ttiat 
it smarts the rl^lnihe: #e :rtj0$& 
pla^datah}^ 



pli£bnudeotl< 

able; to - ics^gfr 

exd^ 6^FAW ' "'^ 

Betalls q£ ^ f^^ . 



iddf^fia^ span 
|^ increase in 6>i6^"11^ 



sion of a 4k«fl«rfes%^ (i^EARQ placed at 
tibe ^ ertd f this Imphfes Itoat a ^ngje- 
sttanded, dOubl^iaib^ed ollgpi^^ ^ 

otl^ie mwst be to adopt 5o4jfotiha- j the fluorescence &i b&m«fcV6M and 



TAMSA fluorescence < i£ ti^v 
TAMtAis b^ng excited 1#efe^ 
fet irom quend|^d ip^s, of 

qiienchiiig atftibtiiajb^ hj|^izafiQn 
•sho^;;<5atise 

^he fiuc^c«ife ^i^35^^06aSf^ -fea*- 

creases T tndi(Eg^ is 

ecdptal ^dehce ^r^^ of the 



518 nm 



SS2 iim 



Probe 



ss 



ds 



s$ 



Al-7 

A1t26 

A3H5 

P2r7 

P2-27 
P^?8 



4331 
1675 
3 y Q.0S 

39.89 
27,34 
33.6$ 



68^3 
50938 

62,88 
578.64 

7043 

144.85 
462^9 



(s^iSir^efaaj^tf^lj^ fUipr^r^ce^in^fortf^t 5J#i^^^ltir sol 
^pbubfcmande<t 



tioW^here ^e#AMM I TAMSA ^0hle ^§^^5^1^ 
^Jtshptd3^ sleeted, ba^e^alring reduce tiie 
in the e^cfted sfete t^qulres a I ability of ^ S^es t^*g^Qq#i t ; "Itie Bri- 
tain ainGunt & time; l:herferbre p tvhat inafy factor .caus^ 

W^&tA is ^t^i : ^|A^; ^dHi^btti 
rerii^ihs ^ relatively" unc&a^e<J when 
prdbes labeled \^^^^WA,^-us^A 
in tlxe 5' nucleate a 
shc^hj. S^^^^JK^ ^^^0^ flMPi^es- 
cariee, boSh^eifot^nd^^ cleavage of 
the^prpb^ be ^lot^ 

Regardless of the physical m^ha- 
nism; the tefe^ye 1nd^n'dW0e pf posi- 
tion. 4htf qneaW&Big g^atfy 
I the d^ign of^ibbes 

PER iatssay. ^jlre are three main fedors 
: ihat detjrAine the ^^prmance 6f a 

\$;am^fm$^^ is. 

I ;^edie^#^^cli^ 



ds 



ss 



ds, 



61^08: 
53^0 
3i?i3 
6X72 
54:63 
65 i0 
6iM 
7239 



138;18 
9386 
165.57 
1402S 
1210$ 

urn 

104(61' 



'^4$ 
031 
&43 
0.45 
0.64 
061 
6,44 



0.50 
^43 



. 3.21 
0,58 
^25 
08? 



c^dtalniiKga4 




jtJT^^clier 



T 




Jfctlg&s jSffect^lf J^^i^cefttration on&Q4tatio r$i tfteAl serjes c»f probes The fluorescence 
ei^tif>r^ten^ lot s^ltitipiisconf^tflliig 50nM ; ^robe t .i0mM 

^#&$ti 83), £0 inM 4rid*vir)ln| 4to^t| (O-10 m^^ga^.^he cai<^ltted M 
*atk&t5& ^ *replc^vs MgOi concedttatlori fcriM 

. I^.Tfre fcey ^ 



^es use^sp^ 

qo^cjlerv dyes, ^c^ude seauerjee 
oaotext eftec% jpre*en^ of stttouxfe -cap- 
other factors dedt&e flexflWlity of 
' tfre dllgontfjdeea^ and purity of the 

of byhtiMz^otx, .which depends oh 
probe T^, pteseijqe <rf^eo)h<^ struc* 
tut* in probe or template, annealing 

^dr^,me thli^ fectbr U ih^ etoenqjr 
-fchfehTfe^^ 

bound probe between tire reporter and 
<juer^er> dyes. This cleavage is 4hj^exh> 
v^a seiqueirce <^^IemefttM^ fee? 
twe$* ^^ : iyftie^^.as- shown by 
1beO]&eiT^^ 
se^eritife^ 

dy^s drastically reduce the cleavage of 
probed 

the rise in RCT values for the Ail se- 

^gtcfe Of queh^itfg is reduced sonie- 
Wtiat as the queiictier is placed toward 
the 3' ehdv Slie lowest apparent qu^cft- 
ing is observed for probe Al 19 (see Fig. 
3) rStiier than for the probe where the 
TAMRAis *t the 3< etid (At^26) Trfe is 
understandable, as the conformatiop of 
tneV e^dposltibh^ 

be less -re^t^i^ted than the eohforrhatioh' 
of an Internal pos3Jtic>h In <e#ecte a 



; probes^e^ opEQ" values 

less ^-^r^^1&^/&|ftdb^ show the 
spinet bend a* Al, With the , 3 f TAMftA 
|?r6^ha^n^/a Jarger than: the te» 

l^lhipr^^ 
^ru^for t^^ 

3' probe is Idss^than fof the internally 
labeled probe Anotfier factor that tn^y 
„ e^l^so^ 
that p^j^'^^^t: #ST' Al- 
though W proves m pua||e% a 
Irnall amount- .#f «)ht^rhin4ti^n with 
unciuendi^ xep^rter can have a large ef- 

. ". /."■. - v 
#&oujgh rnay he a modest e£ 
feet on degree of 4uene^Hft>the p&$U 
tion of ike quencher at^aretttiy can 
hive a lar^e effect oh the eiTidency of 
probe: <Jeayage;^ radst drastic effect Is 
obsfrved ^th pkbbe Al-2>. wttere plafee- 
rniftt §i M^iM^^^ll^ik seebn^i hu. 
cleptfde educes ;tb€ efS^ericy 0 qteav- 
aigetb ainios*?ero> foir the A3, p£, arid PS 
prob^ i^fc ^ch greater f$r the 3' 
tAMM p^obes^.^^ with the inr 

vterhai ^i^lRA probes. Jtois 4s (E^|a&ed 
iridst^t^^/ t^. as$uinin^ that grbbes 
M%TA3^it^^ 
: m 'ti^M- l^veetf re^bxfer and 

if&ch^ Fpr the Al prbbe$. 



^de|icy ,pl vprpbe; Mrt. 




trates^ the ii]^ort^€e?,0| 



;e;jtt>: 




when the j^beis;^e|^j^ 
tepdrtef and q^^^^sf^^^g 
tbe reporter and bp ^< 

opposite ehds^'t^ % <fii^^ 
riVobe, any ilea^^^t ^c^ 
defecWt^^^n^^ 
to an h^jp^ 

probe $6xte -^^'J0^^i^^^l^ 
not so weft (A5^). ^Ke , relat|v4yv|^^r 
petj^rntlChce of probe 



reporter and quencher; therefore^ : fbe 
hestdb^rjiee otliavii^^p^t^ 
^biy det^ts ?cc|irniaattori ^PGI^pfbd^ 
Met ^ in the & nuclease toay is^o^e^ 
* nrObe wrtth N ^e ^ lecher 
dyes on opposite ends, 

?iac^ ,the ejHe^ohet:%e En tile V 
end mayalsip ^ 

ferric of ! h^feffidizaiori ^B^teri^ fhe 
prei^ncer oi a ^richer ijfecriedrto 'ap " 

Ihterllai-niUGjeo^e^ 

d^^init&s^^i^ 

elf a probe in fect^ r ^&#C reMuddon 

inf^hailbee^o 

^th^tei^^^^ 

disruptilre efiedt would be rntofixii^d % 

jriac^j^e^u^^ 

probj^wiMyauen^ 

slightry higher hj^ k ridto 
thari; ptobes Mttilriteiri>l 4^enc£ier^ 
llie :^inbi/iati0n ^ 



tfe^ p«>bei%r^ ^rptkbiy 
will be more tolerant of iiiisinatches be- 
t^een nfc^e and ^*a*^t as cpnijpaxed 
With in^rnall^ labeled probes. This^lr 
. erance of ralsmatcjhes" can be aidyanta 
geous, as ^hen h^ing > it6 use a single 
£robe to detect PGRr^r>hfled |ir^dc%; 
fcoih ^mpJeioi^ff^rj# 
rne^r)sth^t:ciea^ 

is less sensitive M ^l^ratibiKs hi an 
nealing< terrjperature Or Oth&r fektloh 
conditions The one vappU^i^n where 
5 -tolerance of ij^^ 
vantage is iftr ^eU^ 
e^L <f> demdnstr^ed^th|t 
^ ftrjSbes -were cl^av^a .itfej^eiea t#o^; 
aind <^e^e^<^ 
1>er^^ 

Ipwed tpheiri:, ^ dfelfe^u^ti tifc nofd^l 
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bW^t^omt quencher 'tfdjj$p f 
oft tiie 

Wijfca^ i&M internal N 

,^^miim^ stai.be uiefof for allelic 

Ifi m$ study fes* Of q«endtU%^p# A 
ii^fll^tictfr was tried to s&wf tftit 
qj^ttcMrig fey TAltfftA Is ae^i^gftt 
on the flexibility of ashigte^^ 
gojiueieotfde The ihcjeaSe in repqkief 
fluorescent Intensity, tteiijgh/ cbyld; 
&$o be wed to deterniine ^e^ieray ? 
tiid&ation has occurred or *i£t $hus> " 
olig0nu<3eQtide$ with reporter an4 
qu§ric]i£r dyes aft3eh£d at ppi^sfte ^nds 
should also be useful as fipild^tiad 
p&hes the ability to det^ li^ridiza- 



couW be used to measure hybrtd 
kinetics> Also, this type of prdhe co^ld fee 

tfx& of homogeneous asiay Whc$& 
l^rfdl^tidh of a probe causes 3$ 10 

q\i^pSdUig; However, they iMlS^d a 
. complex probe design thatrequires add-> 

irife. niitlfeotides to both ends of the 
- probe sequence to form two. topetfeet . 

fcat^ins. The results presented Jfiele 
> 4^<q^trate t&at &ce simple addition tif 

' d^tfde and"a quencher dye to the other 
^ jg^rates . »; fruo^g^c/pi^^^ 
canM^h5*ridlzatioh ^ 
tatiprti 
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de*e!0fiea a novel -ml r dme'' quantitative gSR tne^pdi^e tn^b^d rH^sp^ *g£ f roiditct 
accumulation through a; dual^M^ huo^Bjc.iicdte I^Mati Prt>^3- this method provf^K y^ry 
a<^^teana:repro<lMe1We quan^Qtion of %^nl copies, yrtUke otb^ quantlcatl?* PCfi rnethttfe, reaWin*ijek 

r^n| #fttu^ Th£ :.*eilifliipe tiifc;iiiM^N^: * l^pn&ifc 

wngettf starting, target nn^W #fmlhatbfi fat l*a$t flvefordiecs ©If *mg$Wc^ ^l^me qtla native 



^wintititive nucleic a&<l ■ s^qtienoe" watysis J^s 
Bad r go Lmp©rt^nt role In mahy fi€lds>of *folo|f 
cal research. J^a*uram ' 



P^AJ l*a> been u^&xt^^ 
bipl^jgl^: «$j>on$e$ to v^rioui stimuli $fan etial 
^I^HUanget *U *995a,fc; ^rtad f ttoni^e e% al 



#n& which is amplified in of inteast tu- 
mor* ftiamon et al. i#87)y C^rie^^d^eri^^ 
quantitation (DtfA an4 RNA) also have bc*n used 
for Analysis of human immu^ 
<H1V) burden demoflstra ting ch_a jigjes fa thejev- 



disease (£onn<>r et al. 1993, Piatak et al 19?3b; 
Furtado.et at; 4 99S). 

Matiy mtettiocls have been described for the 
quantitaUye analysis of nucleic a0d sequences 
►^bQth for JRNA and BNA; Southern 1975; Sharp et 
a! i98Q; Thoinas 1980). Recently, PGR has 
proven to be a powerful tool for quantitative 
nucleic add analysts, PGR and reverse trahsctip- 
tase <RT)-POR have permitted the analysts of 
minimal staring, quantities of nucleic acid {as 
ilttle as one .cell equivalent) this Has ftiade posr 
sible many experiments that could not have b^eri 
performed with traditional methods, Although 
PGfc has provided a: powerkiFtOol,lt is imperative 



author. 

'* n^com; fAX t41S> 225:141 1. 



tnaekefe *995), Many early jrepOcts pi qiutefita- 
five PGft and RT^P(SR tffckribM ^arttttatton pf 

taVget^ 



tat£et s^ueriegs (Fenre 1992; Glfemenfr H at 



of q^titative PCR and RT-iPtel <3he ap|woach 
measures £^tfuqt Quantity in the i%ptjase 



al. 



1990; Pa;ng et al 1990). this method requires 
thatea^fc sample has equal input amounts of 



talned In alifcamples Hxelatively constant quan- 
tifies, such as (i-achn) can be used for sample 
ampte^atiot^ efficiency rtorriialization. Using 
;cOpv^{iOjrtal methods,: of ;PCR detectj^ph; and 
quantitation (gel electrophptesis or platfccapture 
h^ridiza^oh^ It is extremely laborious to assure 
that all sarnples ate ^nal^eddurihg thelbg pha^e 
of the region (for ^th the target gene and the 
ndrmali^i&^ 

t lye eocrrpefitiye (QjC)-PCR; has been developed 
and is used widely for PGR quanU ^G^PCR 
relies on th^ infusion of an itttem^i control 



-A kiipvtft amount of internal com^ijbifcxa^' be 



a 



o 




,,J ti^eseft ^mpte 
the tfitimown ,.. 

Success W * quantitative ^^^i»;^v 

^gJ»|esJfen of % eomp«tito* 

cfioit: However/ljecatiie tiNWttft 
Uttlc^phase 

of ^^nfjlthdsis to use • - 

S<sye|al detection systems are used for quan- 
tttaUv^ ppR W d ^PGR analysis: (1) agarose 
|«I$;<?)flHOresceriit labeling of PCR prodtfcts ahd 
de^aon with lase^induced fluoreseence w n «r 
^pjlia0 electtopho^ls g*a&p eVal 195S; Vvrif 
UanMetai/49?^^^^ 

capture and^andwich prdbe bybriai&non Mul- 
- fiygff ^though these method* proved 

nipujatloas that add time to the analysfl and 
?nay lead to laboratory contamination The 
sample throughput of these methods Emitted 
twlth-the exception of the- plate cap^u*e^ p 
Pmm, and. therefore, these mefhoxfe are ipot 
S ^ for uses demanding »fgh Sample 
throughput .screening of large numbers of 
hiomplfecules or analyzing samples for dlajmps- 
tics or dfnical triais) ' • 

Here we report the development of a hovei 
assay, for- quantitative DNA analysis. The assay is 
based on the use of the * nuclease assay first 
descnbed by Holland et at (1991) The method 
usestheS' release activity Of tmj polymerase to 
cleave a nonextendible hybridization probe dur ■ 
mg the extension: phase of PGR. The approach 

!!!!L d ^ u, ^ led ftuot0 « eilic Qfamm* 

probes (l^eet al 1993; Buster etal 199S;Uyak 
et al. I995a,b) One fluorescent dye serves as a 
reporter IFAM (r.e,, 6 carboxyfluorescein)| and its 
emission spectra is quehched by the second flub- 
rescent dye, TAMRA (i.e., 6-carboxy-tetramethy|. 
thiamine) The nuclease degradation of the M 
bridlzatipn probe releases the quenching 6f the 
* m fluorescent emission, resulting in an in- 
crease in peak fluorescent emission at S18 nm 
The.use Of asequenee detector (ABI Prism) allows 
measurement of fluotescent spectra of all 96 wells 
of the thermaf cycler cotttmuPuyy during the 
JC^an^Illicatten. «herefo<e,:^ .^cjloitt ate 

^chbed. and quantitative analysis of input target 
E>NA sequences is discussed feelow 



mms 



^ua Etet^bnyij Real ^n,e 
Thegoal wasto develop imgifetr^t^lputi s^n^ 
m ih ^lOhftortng 

gene detfv&y- A pja^rt»td^hcodi|ig h^a^^c^or 
Vflrge^^uence, pT^f (see livfethbas), wis' : 

. %orescett|Taqrnaft rttetn^Il^hilttoS. 
rhfeht capable of me.asurthl flu^feseeticg fn tfeSi 
fime (ABI Prism 7700 Sequence Detector). The 
T»fc»« reaction requires a ^bhqMohVtyofee 
labeled with two deferent fluorescent dye/ Orie 

lhgcdye;(TAMRA). When tfo probfe IS IniaCfcfluo- 
A W$m energy transfer c^rs and the reborter 
dye fluotesceht ernissiOh is absorbed' by the 
^^ye^fTAMRA) purtjtg the extension 
phase : pf the PGR cycle, the fluorescent hybrid- 
ization probe is, cleaved- by *hje s<*3' nueJeoivttc 
WttyW^ 

*he probe, the reporter dye crnissio^ is kolonirer 
transferred eThtfenay to ^ 

^hlng<tn. an mctease of the teporter,<dye %Ores- 
cent' emission spectra PCR pome* an* Probes 
were designed for the htirhan factor Vjli se- 
Quenceand human, P-aCtinvgehe (a' described in 
Methods) Optimization reactions were per- 
formed to choose the appropriate probe and 
magnesium concentrations yielding trie highest 
intensity of reporter fluorescent signal -without 
sacrificing specificity. The instrument uses a 
chaige,coupled ffc, GGD/camera) for 

m *° 6$Q nm. Each feR tube ^oilifOrfed 
sequentially fqr 25 msec with continuous jnofli- 
tprmg throughout the amplification, fech tube 
was reexamined every 8.S seeV Computer soft- 
ware was designed to examine the fluorescent in- 
tensity of both the reporter dye (Fftlvt) and 
the quenching dye (TAMRA). The fluorescent 

••ucns.tyof the quenchingdye.TAMP^, changes 
very little over the course of the PGR amplifi- 
calioo (data not shown) Therefore, the Intensity 
of TAMRA dye emission serves as an internal 
standard w,th which to normalize the reporter 
dye (FAM) emissiod variations. The software cal- 
cujates a ; value te^ed ARn <or arq> asUig ffte 

fonow^g .^a« 0 n: m±mkm:^*£ 

Rn « emjsslpn Intensity of feporter/emissionin- 
ensity^of-quencher at an>giVen timeiCta^eac- 
tipn. tube, and Rn - = emission intensity of re- 




I 



o 



O V 



' V v.;;- 



-fl^jfo&tiW purpose of ^uahtitatroh, J%../fitft. 
thk^data ptwntj CAfr**) collected during t^eX- 
£. tension tfep'fi* each k# cycle werr aftalyfcea. 

(>Vo^0C^rs (Jurt«g;%e exte^tofl $^&1lfc& 
~ -MpSt thfefefocCi reporter^ 
ereas^ 4ugffg;lXii$ firfte: The ^fi^^^^;,^^!^^ 

avera^ iof ea<S^K» 
Valuator ea&uwa* plotted i^ari/'ampiijScailOKi 
ptat'^QWn iit^gur^ lA, The' ARrVroe$n ^aliie is 
pipped or. &c ..y-axiSj -aOd ^tnc," feptcjscitt^^ -by 
eycSeriuntber, i£pIotted6G the^-ax^s Dunrig the 
eaiiy Cycles Of the PGR ampllfttatibn, the Aftn 



tmdiza^ V" 
ariipKj^ 



:r^5b^ acfc^U^r 
, ttdftt 1 is< Stogfe J>y as&gtfijftg tf^ ^lra^^ 

tfcesfcold that i$ ba^j&aMe ^ikS^0^l^^ : 

base-ljne4a^ 

at 10 sta[na&d deviation* ab$ve the ineah <?f 
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Figure 1 PGR product detection in real time.. (4) The Model ?Z00 software will construct amplification plots 
Ukm the extension phase nuoffesc^nt ernissiq»a ^ata collected during the PCR amplif icaUOn fhe. sWnd^d de- 
lation is delermirted from the 4$to jMnit^ b$s£ fine ofethe ^mpl^catipn plot* fr ^ie* #* 
.ea'colateckby detercfcihJft£ ;g$ftt at *$ti<Sh fiudfe>cerjce e>«;eec^ 

^O^ard deviation of the hase fihe^ ^Qve^ o fia^ tirl^rQn; p<ots of-sqrfettv iliiV daqtedj^ao genomic 
DNA sample* amplified vvyth p^tW samp^S plSl^f ^rws €^ 

pdir^re^r^ plr^^rorl&rs ^re shswft £bot not ^Iwayi v^bSe^ 




Input Target Sequences " 

was 




■ ^ .vuusiai 'ijks is expected be- 

«u$e teaeiiojis with fewer starting copiesbf the 
ftW* dealer, amplik^n to 

SffiSW **^»N&#tftt of i(r st an. 
aajd ae^a^ns above the Me line wis Used to 

■pf^^O^^ f^ IGrepre^hTthe 
Ct values -plotted, versus the sample dilution 

3fi£I&^ ttipWSe 
m^ptiflcatton^l plotted as n^ean values 

*ng taij^^^ ^ us Cr^iires^n4«se4 

a^quantotativeme^yreroen.^^ 

number it should be.noted that the 

IB- does not reflect the same ^resceht tate- of 
by mostpf the other^mples. 
4ne IS 6-ng sample also achieves endpointpla 
teau at a lower fluorescent value than would be 
expectedbased on the input DNa. Th,s phenom- 
enon has been observed occasionally with other 
samples (data not shown) and m^y be attribu^ 

S ;^^^ 100 - " fe j WPOrtant to note 
hat SH flattened slope and early plateau do not 
Impact significantly , he calculated G T value as 
demonstrated by the fit on the line shown £ 
Figure 1C All.triplicate amplifications resulted in 

d^nl? l3 rt Va ' W?S - the ^ard devi a t,on 
did no t! exeeed 0:5 for any diction. This experi- 
ment contams a >1 00.000-fold range of input tar- 
get molecules -Vsmg G, values fof q 3£ 
perm.ts a much larger assay range than direttlv 
using total fluorescent emission in tensity for 
q^antitat i on ; TheJinear range of .fluoresced ' 
tensity measurement of. the ABi Prism 77O0t & 
quence Detector only spans three logs, resOltL 

«ules. Thus, R values provide accurate measure, 



tareer quantities. * . -F^m 



Sample Pf epa*atfoft y^ndaTtton 





validate the rtethod W saA P te,pYepara^ f6r 

arid e«terency df 10 replicate laihnie ; 
preparatid^w^e^fained. Aftet^e^thfeEak 

Amp^^oriswerep^fonne^an^ 

PHA, Ea<* PC^anjpfifi^dn was fe^ed in 

Ucate Sample show mWijnal var i^n based £ 
standard deviation *nd coelflefeht ©* variance 
ifSSi ' ^v******..*"* of <he;trtpiime *gr 

tfemon- 

s^tin^j ^ ^ ?C R this rnstwmeh- 
tatton i Introduces ntfntmal variation" thjo the 
quantitative PCR - analysis ^mparlsdn^f the 
rrean C, i ; the'l<? ^repiicaW sample prepai 
rAtions. also showed mfruRiaJ vaWaibllitV, rndi^t- 
•ng that each sampjepreparattdn yiyded similar 
results for g-aetin gene quantity; The highest Cr 
my of $a Mes was 085 
? a ,?' 7 15 r the ^ 8,1(1 25 ng samples,^, 
lively Additionally, fhe amplification of eS 
sample exhibited an equivalent rate of fiueres- 
cent emission .intensity change per , amount: of 
E?MA target . analyzed as indicated :by siihila 
slopesderivedftom the sample dHutidns (Fig 2) 
Any sample containing an excess of a l>CR inhibi 
tor -would exhibit a greater measured «.acrin 'C T 
value for a - g,ve.n quantity of DNA. In addition! 
the inhibitor would be diluted along With the 
sample m the dilution analysis, CFig. A alterlne 
^ected: & value change. i^ P S 
piiflcatjon yielded asimitar result in the analysis 
demonstrating that this method of sample prepa.' 
ration, U highly reproducible with -regard to 
sample purity. * 6 ° 

0mmmH Analysis of 4a Pbjmjd After 
Tranapht Transfietion 



!3 celts Were transiently transfected With 
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tor containing a partial c6n A for human factor 
VUl, pF8TM. A series of tr^nsfec^ions was $et 
upustriga decreasing amount of the jtfasmid (40, 
4> O S; and 0.1 jig). Twenty-four hours post- 
transfection, total DNA was purified fern each 
flask of tells p-Actin gene quan tity was chosen as 
a value for normalization of genomic QNA con- 
centration from each sample: In this experifnertt, 
p-actin gene content should remain constant 
relative to total genomic DN A Figure 3;show$ the 
result of the p attin E)NA mea^ujernent (100 ng 
total DNA deterrnined by ultraviolet spe^tros- 



in triplicate and the mean Mctiii Cr viator of 
the/ttiptiicaites were plotted j^rrpr tor* re;pre^rit 
one standard deviation) tfi?c highest ^ereijee 



8 £>? r >£ f" 



between any two sample means was 0:95 <Ct, Jen 
nanograms of total J>NA of each sample were alio - 
examined for p actin. The results #g$tn shpwjed 
that very similar amounts of genomic DNA were 
present; the maximum mean >p-ac tin C T vajiie 
difference wajs I 0» As Figure 3 shows, the rate of 
ft-$cttit Ct change p^tween the 100- and f0-^ig 
samples was stjprnUr (slope values range/between 
3 S6 and - 145) This verifies *gaih that the 
method of sartiple preparation yields simples of 
identical PGR integrity (i.e v no sample contained 
an excessive amount of a PGR inhibitor). How- 
ever; th$$e results indicate tftat ekeji $^p|e con- 
tameid slight differences in tfie,aettial aifipwt of 
genomic DftA analyzed Deterr»|natioh Of actual 
genomic -DNA concentration w** actowptetied; 




•T*. -w- ** .iV xS» V? ■: £ j 1 ,. 




^^otttnrthe meati fj-actin Q. value obtamed 
for> ckdi lOO-h $ sample/on a Metln standard 
W (sftown in Fig 4G) The actual genomic 

^tiiftol^ion to the jt-akis 
Pimte shovs -aie measured e./noirn 

B^^^agh of ^eJfowmmrent ceil 
rtiwf^etions Each reac-t,o.n cprttained i^g bf 

cqp#. Each sample was analyzed in tri&licare 




K^tngtopW-BNA) 

***** ^^ansfected cell ONA quantity 
and I purity. The ^NA preparations ofHhe four 293 
cell trans|ectionsv(40.;.4v d.^:aftd. 0.1- w b of pF8TM) 
We«e analy^t^e-acGh.Oene lOO^rfSng 
tost&pMit ty. ultovfotet sp&t»s Co ptf tff each 
sample *yer* MM®® fa ^i^m each 



PSlt a^pU^atiows As shown* pJ^m^tffied 
from the^cca$^e^ toean ^*fe^ 

P^TM ^ %M«!4A w«? plowed cfii^^ftdard! 

tettpim by exftapofet|(& to tfte of ^ 
sta^datd; eu^i^lgute 4$ t*eW uricorlectiJd 
for pFSTM were ftprir^^^ 
mihe the actoal^o^tttof 
n « ofcgenomtc DNAfcy uslfig the«quatiohi 



f ^l^^ 1 ^ n ^ ie 4 sarhple: ted 

fe-pF8TM copies from *e stahdaid the 
nprmahzed quantity of pfglM per IQ0 rtg o<ie- 

Tf ,€PN ^ f ° r T hofthe Mr ttartsftctiQ^is 
shown m figure These results show that me 

of facWr v "l P'asmid assorted; with 
the^293 v celts; 24 hr after transfem^. decreases 
with deereasmg plasmid cpricentr^ttdw use* i n 
thetrarisfefetion: The quantity of,pF6TM ajsocfe 

ofplasm^ was-as pg per lOO^getfomie DiC 
This results in -520. plasmid copies per cell 

DISCUSSION 

We have bribed * new .method ; for quantitat- 

ible with either of the k*o tfCR t^CR* aL 
poaches (1) quantitative c6mpe£Mve wherein 
intern*! competitor for each target sequence is 
used for normalization (data not shown) or (2) 

•.^^ta^^^tlW-iH-R.i^ni a normaliza, 
tton gene contained within the : sample^e v pVfc- 
tini or a "housekeeping' gene for RT-PCR If 
equal amounts of nucleic acid ate analyzed for 
each sample and if the amplification efficiency 
before qpantftative analysis is identical fof each 

sample, the internal controlfnormalizatidn gene 
or competitor) should give equal signals for all 
samples, 0 °t\ 

Tiie eealrtiirie PCR method offers several ad- 
yantage? oyer the ptfier. two method* furreatry 
emplq.yed (see; t^e mt r P auction) r First, the real, 
trnie PGR method is performed in ? Closed-tube 
system and. requkes no post.PGR maturation 
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-v 'k.. > 



... Jj&v 
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factor in the pathophysiology of cancer. Amplification of certain genes (e.g., Myc or Her2/Neu) 
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gives cancer cells a growth or survival advantage relative to normal cells, and might also provide 
a mechanism of tumor cell resistance to chemotherapy or radiotherapy. 

5. If gene amplification results in over-expression of the tnKNA and the 
corresponding gene product, men it identifies that gene product as a promising target f6r cancer 
therapy, for example by the therapeutic antibody approach. Even in the absence of over- 
expression of the gene product, amplification of a cancer marker gene - as detected, for example, 
by the reverse transcriptase TaqMau® PCR or the fluorescence in situ hybridization (FISH) 
assays -is useful in the diagnosis or classification of cancer, or in predicting or monitoring the 
efficacy of cancer therapy. An increase in gene copy number can result not only from 
intrachromosomal changes but also from chromosomal aneuploidy. It is important to understand 
that detection of gene amplification can be used for cancer diagnosis even if the determination 
includes measurement of chromosomal aneuploidy. Indeed, as long as a significant difference 
relative to normal tissue is detected, it is irrelevant if the signal originates from an increase in the 
number of gene copies per chromosome and/or an abnormal number of chromosomes. 

6. 1 understand that according to the patent Office, absent data demonstrating that 
the increased copy number of a gene in certain types of cancer leads to increased expression of 
its product, gene amplification data are insufficient to provide substantial utility or well 
established utility for the gene product (the encoded polypeptide), or an antibody specifically 
binding the encoded polypeptide. However, even when amplification of a cancer marker gene 
does not result in significant over-expression of the coiresponding gene product, this very 
absence of gene product over-expression still provides significant information for cancer 
diagnosis and treatment Thus, if over-expression of the gene product does not parallel gene 
amplification in certain tumor types but does so in others, then parallel monitoring of gene 
amplification and gene product over-expression enables more accurate tumor classification and 
hence better determination of suitable therapy. In addition, absence of over-expression is crucial 
information for the practicing clinician. If a gene is amplified but the corresponding gene 
product is not over-expressed, the clinician accordingly will decide not to treat a patient with 
agents that target that gene product 

7. I hereby declare that all statements made herein of my own knowledge are hue 
and that all statements made on information or belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like so 
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tnadeare punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. 
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